Food Research 


An Official Publication of 


The Institute of Food Technologists 




















IN THIS ISSUE 








A Universal Gustometric Seale in D-Units 


The Fat-Globule Membrane of Nonhomogenized and Homogenized Milk. 
I. The Isolation and Amino Acid Composition of the 
Fat-Membrane Proteins 


The Fat-Globule Membrane of Nonhomogenized and Homogenized Milk. 
Il. Differences in the Electrophoretic Patterns of the 
Fat-Membrane Proteins 


The Fat-Globule Membrane of Nonhomogenized and Homogenized Milk. 
Ill. Differences in the Sedimentation Diagrams of the 
Fat-Membrane Proteins 


Participation of Ascorbic Acid in the Destruction of Anthocyanin 
in Strawberry Juice and Model Systems 


Observations on Reducing Groups and Color Changes 
in Macaroni Discs 


Survival of Staphylococci and Salmonellae in Puddings and Custards Prepared 
With Experimentally Inoculated Dried Egg 


A Comparison of the Retention of Vitamin A in Margarines and in 
Butters Based Upon Bioassays 


The Retention of Preformed Vitamin A and Carotene in Margarine Based 
Upon Physico-Chemical Assays 


Thermal Inactivation of Pectolytic Enzymes Used in the 
Clarification of Apple Juice 


A Study of Proteose Peptone Acid Agar as a Plating Medium for the Routine 
Enumeration of Bacillus Thermoacidurans (Berry) in Tomato Juice 


The Amino Acids in Various Tissues of Citrus Fruits and 
in Orange Protein 


The Sugar and Ascorbic Acid Content of Papayas in Relation to Fruit Quality 





Volume 18 SEPTEMBER-OCTOBER, 1953 Number 5 

















Food Research 


An Official Publication of 
The Institute of Food Technologists 





Volume 18 SEPTEMBER-OCTOBER, 1953 Number 5 





EDITORIAL BOARD 


Martin S. Pererson, Editor-in-Chief 
(Editorial Office: 11606 South Bell Avenue, 
Chieago 43, Illinois) 


J. GRANT ARMSTRONG R. R. Le@autt 

A. K. Baus Joun R. Matcuettr 
J.S. Buatr PAULINE PAuL 
KENNETH W. BRIGHTON CATHERINE J. PERSONIUS 
G. M. Dack Rosert G. TIscHER 
Ropsert 8S. Harris J.J. WILLAMAN 


Frep W. TANNER, Editor Emeritus 


Z. I. Kertesz, Consulting Editor 


CHARLES S. Lawrence, Business Manager 
176 West Adams Street 
Chicago 3, Illinois 





Published by the Institute of Food Technologists six times a year. Printed by The Garrard 
Press, 119-123 West Park Avenue, Champaign, Illinois. Entered as second-class matter at the 
Post Office at Champaign, Illinois, under the act of March 3, 1879. Accepted for mailing at special 
rate of postage provided for in amended Section 34.40(e), pursuant to the provisions of Public Law 
233, approved October 8, 1951 











: 
! 
: 


— to promote better health 


O promote better health, mere enactment of laws is insufficient. 
Experience has shown that effective education of the public in 
nutritional matters depends to a great extent on the dissemination of 
the principles of nutrition, food values and related subjects. If the 
public is properly educated, it will naturally prefer the improved 
staple foods over those which are lacking in good nutritional value. 


HE practice of enriching or fortifying foods for better health is 

becoming more widespread. For example, enrichment of many 
cereal foods, the fortification of certain fruit and vegetable juices, 
and of margarine, are accomplished facts in the United States. The 
list lengthens because food processors know that, fundamentally, the 
most important factor in foods is nutritive value. So they are making 
their good foods bewer—to the benefit of millions of people. 


HE firm of Hoffmann-La Roche has for many years pioneered in 

the production of vitamins for the food and other industries 
throughout the world, These vitamins, synthesized by chemists, are 
identical with those existing naturally and are manufactured on a 
large scale at a much lower cost than if they were extracted from 
natural sources. These are the vitamins that are used for flour and 
bread enrichment, the process which to a great extent restores im- 
portant nutritional values which are unavoidably lost in the milling 
and processing of wheat when fine, white flour is produced. Rice, 
corn and other cereal grains are similarly restored and fortified. 


OCHE has experts in many fields and is now offering their ex- 
perience to you. You are cordially invited to discuss enrichment 


with us. 





[ROCHE | 
HOFFMANN-LA ROCHE INC. 


VITAMIN DIVISION 
Nutley 10, New Jersey 
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A UNIVERSAL GUSTOMETRIC SCALE IN D-UNITS** 
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STATEMENT OF THE PROBLEM 

Taste scales used in different disciplines today are so diverse that inter- 
comparison of results is practically impossible. Even within the field of 
food research and food technology, we find that the tastes of foods, of bev- 
erages, and of water are measured by numerous different scaling systems, 
while the responses of the subject to the tastable substances are often 
measured on still other types of scales which are not related. 

This situation may be compared to the days prior to the mercury ther- 
mometer. The many diverse methods of measuring temperature devised 
during the seventeenth century likewise hindered intercomparisons: Meas- 
urement by expansion was different for air, water, alcohol, or gas; such 
various subdivisions of the temperature scale were used as 12°, 96°, 100° ; 
temperature was related by some to the temperature of the body, by others 
to freezing water or to a freezing salt and ice mixture. A thermometer that 
was universally adaptable did not become available until such standard 
features were secured as a dependable fluid (mereury), and fixed points 
of reference. 

So, too, today taste scales are as numerous and as diverse as were ther- 
mometers in the early 1600’s, and to add to the complication we also have 
psychological as well as physical stimulus seales. The net product is that 
confirmation of results often is not forthcoming; new research is therefore 
impeded; and the full biological significance of subjective responses to 
taste remains confused and indefinite. Committees set up to resolve order 
out of the chaos often end where they start (85). The chief reasons for this 
predicament, as we see it, are the lack of standards of reference for both 
stimuli and responses related to taste, and the need for an organization of 
measuring methods. 

To clarify this situation we have attempted to develop a unified gusto- 
metric sealing device. 

But before describing this new method, we should first examine the 
characteristics of taste scales already extant. This examination will reveal 
in greater detail why we need a unifying taste-measuring seale. Each seale 
we examine may have been adequate for a narrowly defined purpose. But 


if our purpose is to construct a scale which is universally adaptable, we 
must consider all of the possible uses for such a seale, and search for the 


missing common denominator. 


"Copyright, 1953, by W. Franklin Dove. 
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Divergent Characteristics of Contemporary Taste Scales. The character- 
istics of contemporary taste scales are demonstrated in 12 selected examples 
presented in Table 1. These taste scales for sucrose have been developed 
during the past 44 years in different countries, and have beeen used in the 
rarious disciplines (as shown in line 2). The same 12 taste scales have 
served also in analyzing a number of different biological manifestations 
within the different disciplines (as listed in line 3). 

In examining these taste scales, we observe the following divergencies: 


1. Concentrations are reported in several different terms: molar concentrations; 
Moles 
= ; grams in 100 ec¢.; ‘‘concentration’’; ‘‘strength’’; pereent solution; and 


parts per million. Another important method of expressing concentration, not 
appearing in this list, is the ‘‘normal solution,’’ used chiefly in studies with 
electrolytes, toxicants, and salts of heavy metals (24, 35, 86,42, 53). 

2. Seales start and end at highly different concentrations. 

3. Seales are sometimes numbered serially in increasing concentrations (seales 7, 
8, 9); in another case, in decreasing concentrations (seale 3). 

4. All scales start and terminate at different levels of concentration. 

5. Some seales cover a small sector of fine dilutions (seale 1), while others cover 
small sectors of intermediate dilutions (seale 4). 

6. Seales may start at very low levels (scales 6, 7, 8), or at high levels (seale 5). 

7. Some seales cover a low range of dilutions; others include only the highest con- 
centrations. Separate, unconnected islands of taste-testing are formed. 

8. Some seales have wide class intervals; other scales have small elass intervals, 
usually without a statement of the basis upon which the seale interval has been 
selected. 

9. Some seales follow numerical progression (seales 10, 11), others are logarithmic 
(seales 4, 9, 12), while still others vary the pace of progression in different 
regions along the same scale. 

10. Seales are often replaced by the use of a single concentration of the taste solu 
tion (or the erystal substance itself), as in the diagnosis of ageusia (scale 5), 
in the numerous tests for taste blindness, and more recently as the standard 
stimulus for the construction of psychological taste scales (5, 55). 


These differences in methods of sealing taste are not characteristic of 
sucrose scales alone. Since the time that Valentin, over a hundred years 
ago, first demonstrated that the thresholds for primary tastes can be meas- 
ured by various dilutions with distilled water, taste scales have been chiefly 
individualistic. Valentin (89), in reporting on the taste of dilutions of 
sugar and syrup (sweet), rocksalt (saline), sulfuric acid (sour), aloe 
extract and quinine (bitter), used various combinations of the following 
dilutions to the point of taste extinction: 1/10, 1/18, 1/31, 1/53, 1/83, 
1/213, 1/328, 1/426, 1/740, 1/12,500, 1/33,000, 1/900,000, 1/1,000,000. 
These dilutions were not ordered; each dilution was arrived at by guess 
and by test, each according to the intensity and recognition or perception 
of a taste when compared with distilled water. 

During the following century and up to the present date, thousands of 
taste tests on a large number of taste substances and chemicals in solution 
have been reported. This literature includes sealing of taste, flavor, odor, 
of the common chemical senses, and of the common sensitivities affecting 
gustatory responses in many forms of animal life. The taste problems 
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studied have also included numerous biological side-effects in the relation 
between taste and the many survival features of food-getting. But in prae- 
tically all of this literature the problems were not concerned with scales as 
instruments. Dilutions were selected merely as the most convenient, or as 
the most appropriate to the nature and range of the particular test under 


consideration. 

Even when dilution rates have been of some concern and have been 
specified for the different primary tastes, they have varied from 14 (8, 90) 
to % (39) to Y (31, 44, 45, 78, 88), or combinations of these and other 
dilution or concentration rates. As concentrations, the rates vary from 
144 to 2, 3, or 4 times. In some instances 1 g. of sucrose in 100 ee. has 
been used as standard (5, 6, 55). Added to this inter-science and inter- 
test difference in scale interval is the attending disharmony brought about 
by the accompanying use of different types of stock solutions: saturated, 
molar, molal, normal, grams percent by weight, or grams percent by vol- 
ume. Often stock solutions differing in composition are labeled merely 
‘‘eoncentration.’’ Even the important distinction for taste between the 
molar and the molal solution is not always observed. All of these factors, 
and others that will be shown, enter into the final bizarre effect—a con- 
fusion of tongues. 

This investigator believes, however, that for the problem set forth in 
this paper where gustometrie sealing is the chief concern, the series of 12 
scales for sucrose (extracted from the literature as examples and presented 
in Table 1) reflects the major scaling difficulties to be found throughout 
the literature on the subject. For an extension of this literature (from 
which the examples in Table 1 were drawn), the reader is referred to addi- 
tional sources where the same diversity in types of scales may be observed : 

For all 4 primary tastes: (5, 9, 12, 138, 17, 29, 81, 33, 39, 42, 52, 55, 79, 83, 88, 89). 

For the sweet taste, in addition to the 12 in Table 1: (25, 35, 61). 

For the saline taste: (15, 19, 20, 34, 49, 50, 59, 69, 71, 77). 

For the acid taste: (7, 51, 60, 67). 

For the bitter taste: (10, 20, 62, 65, 66, 91). 

For the multiple taste of PTC: (4, 8, 14, 44, 45, 74, 78, 90). 

For the taste of various other chemicals classed as electrolytes, toxic substances, or 

salts: (9, 24, 35, 36, 42, 48, 53, 83). 
Several of these sources refer in turn to scales used by other experimenters 
in previous reports. 

In the development of the design of gustometric scales, these past-pres- 
ent difficulties, brought to light especially by comparative taste analysis, 
may serve as guide buoys for incorporating present needs and anticipating 


future applications. 


DEVELOPMENT OF A UNIVERSAL GUSTOMETRIC SCALE IN D-UNITS 


Let us now consider what would be required of a universally adaptable taste scale. 

As already stated, a universal taste scale should encompass the various uses reported 
in the scientific literature, the latest developments in food technology, the diffuse array 
of subjective responses, and the uses projected for the future. 

The composite result of this research analysis of taste scaling is a universally adapt- 
able gustometrie scale or taste scale, presented in streamlined form in Figure 1. In this 
one chart may be observed at a glance many of the comparative values and essential 
features of a universal gustometric scale. 
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Fixed point of origin. Heretofore a common fixed point of origin, even for saporous 
substances as a group, has never been considered. And yet it will be seen that such a 
point is of first importance in the establishment of a universal seale encompassing both 
foods and subjects. The fixed point of origin must be based upon the characteristics of 
centrality, and of permanence, and should also be amenable to ease in operations—in 
diluting and concentrating, and in statistical and comparative analysis. Foods and 
chemicals in solution should have identical scales from the same fixed point. 

Centrality. For operational advantages, the fixed point of origin should approximate 
centrality in relation to the universe of tastable substances and of the taste-sensing 
abilities of most organisms. The feature of centrality to foods and chemicals tasted by 
man, posited at one concentration, can be noted visually in Figure 1. Later in the dis- 
cussion examples will be taken from the foods and responses of the human being, and 
reference made to animals and lower organisms. 


A UNIVERSALLY ADAPTABLE GUSTOMETRIC OR TASTE METER 
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Permanence. As to permanence, the saturation point of a chemical in solution is 
unsuitable, because it varies with the different solvents used (whether water, alcohol, 
ether, ete.). The zero stimulus and the terminal stimulus are even less dependable; each 
of the 2 end-points of an intensity scale varies as a threshold from individual to indi 
vidual, and the final stimulus level fixed upon by the experimenter must be an assumed 
value when applied to population groups. Nor can the erystal state be used as a fixed 
point because the taste response may be slower or at a lower taste intensity value for 
the crystal than for the same chemical] already dissolved in a solvent. 

Aceording to the numerous requirements imposed upon the measurement of taste in 
all of its manifestations, regardless of the discipline concerned, the most permanent and 
central point of origin for chemicals in solution appears to be the one molar solution, 

The law of constant proportions in chemical compounds and the establishment of 
International Atomic Weights based upon Oxygen |with a defined value of 16 as the 
standard reference weight (92)] provides, for practical purposes, a permanent taste 
reference value in the gram-molecular weight made up to 1000 ce. volume. 

Ease in operation. When the solution is made up to 1000 ee. volume (the chemical 
compound is not added to 1000 g. of water, as in the molal solution), it lends itself with 
ease to calculations of concentrations at any dilution level. 

Either the solution by ‘‘pereent’’ as grams added to 100 ee. of solvent, or the molal 
solution as a gram-molecule (or mole) added to 1000 g. of solvent, does not lend itself 
to comparative taste advantages expected from dilution procedures; the reason is that 
different chemicals—and especially complex mixtures and foods—displace different quan 
tities of the same solvent. The chemical in the molar solution is a part of the whole; 
while the chemical in the solution by an added ‘‘percent,’’ or the chemical in the molal 
solution, is a part added, and the new whole becomes indeterminate. In some chem 
ical processes this distinction is trivial and unimportant. In chemical taste scales, in 
food taste scales, and especially in the reconstitution of processed foods, these volume/ 
weight relationships assume a significance of sufficient magnitude that they should be 
incorporated in the structure of the sealing device. 

The central position of one concentration of the molar solution concurrently repre 
sents the origin to the series of dilutions downward and the origin to the series of con 
centrations upward, both on the same physical-chemiecal seale. In fact, the concentration 
series is merely an extension of the dilution series. Dilutions can be initiated at any 
point on the concentration series. The entire serics, including concentrations and dilu 
tions, is therefore measurable in uniform dilution units regardless of stimuli or re 
sponses; for that reason the scale is termed a D-Unit scale. 

The identity between chemical D-Unit scales and food D-Unit scales. With the 
establishment of a fixed point of origin for chemicals in solution at one molar concen 
tration by volume, its centrality and other important features are further demonstrated 


by the fact that the same scale can be used to measure natural foods. This identity of 


scales has many comparative advantages, as will be observed in the applications to be 
presented. 

For any food item for which molecular weight is beyond calculation, we can use 
the natural food seale, in which the central fixed point of origin is the normal weight or 
volume, expressed in parts to the whole. Concentration on t.e scale above this point of 
origin opens up to an orderly gustometric analysis the whole field of dehydration and 
concentration of foods: 

2C = 50.00% (100 parts are dehydrated or reduced to 50 parts) 

4C = 25.00% 

8 C = 12.50% 

16C= 6.25% 

32 C= 3.13% 

64 C = 1.56%, ete., as shown in the right-hand seale of Figure 1. Dilutions belou 
the origin of 100 parts also serve as measurable degrees in the formulation of mixtures 
and recipes (a dilution procedure). Between the highly dehydrated or concentrated 
foods (64 (© = 1.56%) and the dilution series, the entire range of reconstitution of 
dehydrated foods ean be marked off for gustometric responses on the same sealing 
device. 

By this scheme the important operations in food technology—dehydration, process 
ing, condensing, reducing, concentrating, reconstituting, diluting, and formulation by 
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parts—are placed on the one and the same taste-measuring scale. The different products 
of these technological procedures take up different areas of the gustometric scale of 
Figure 1. Before the concentrated foods are ready for consumption, they are usually 
reconstituted (diluted) to levels slightly above, equal to, or slightly below the food in 
its natural state, which is the central fixed point of origin. 

The scale interval. Of equal importance to the establishment of a central fixed point 
of origin, the scale interval must be carefully adjusted to meet many different situations. 
A quick glance over the wide range of demands placed upon different-sized scale inter 
vals and different methods of progression makes one wish for a rubber scale. And that 
is what, figuratively, must be secured. Like the aperture and focus of a camera lens, the 
taste scale interval selected must be adjustable to universal focus. Furthermore it must 
be adjustable for use, let us say, as a reading glass, as a microscope, as a telescope, all 
three in one; and yet that is asking of it more than is expected of the telescope, which 
is not universal as a lens and cannot be used as a reading glass. 

The abundance and diversity of taste-scaling methods now in use appear to indicate 
the widespread need for a taste focusing device that possesses universal features. In 
order to develop a seale with a universal taste focus, exploratory research has been made 
to find the different kinds of taste focus one might encounter in the universe of taste 
stimuli and responses. 

Out of this research has come the conclusion that a universally adaptable scale 
interval can be secured from the formula of 4%" and 2”, including their successive frac 
tions, when anchored to the central fired point of origin of one molar solution by volume, 
and to natural weight or volume of tastable substances as 4%" and 2° parts of the whole. 

This scheme for sealing gustatory responses has several important advantages: 

First: The formula of 1%" and 2" (aehieved by halving and doubling the concentra 
tion) is amenable to both logarithmie and arithmetical progression from the central 
fixed point of origin, and from each dilution level. Since the discrimination of taste 
differences is not always proportional to the magnitude of the intensity of the stimulus 
(1,11, 40, 41, 58, 63,87), the open mathematical feature of the seale provides operational 
advantages in determining the actual relationship existing between taste stimulus and 
response. 

Second: The logarithmic scale of %" and 2” ean be fractioned readily at any point 
on the seale into successively smaller degrees of fineness to provide the universal taste 
focus required of a true gustometrie seale. The fractions also may be arithmetical, 
logarithmic, or based upon any mathematical formula examined for adequacy in ex 
pressing the taste stimulus-response relationship. When the fractions are required as 
log units, increments may be secured by the following factors: 


1 D 100,0000000% 
% Dd 41.4213563% 
4 OD 18.9207115% 
% Dp 9.0507733% 
Ys D 4.4273783% 
lao ID 2.1897148% 
Yi, D 1.089286 6% 


These fractions are universally applicable to any D- or C-Unit of any molar solution Is 
volume and to any concentrated, diluted, or natural food or saporous substance treated 
mathematically and physically as part to the whole. 

Third: Experience with the use of this seale by the writer reveals to date that 
gustometrie data fall into taste measuring focus in 3 specific degrees of fractionation. 
These 3 degrees of fractionation can be carried out by the use of the same fractions 
anywhere on the progression scale, as indicated in the bottom section of Figure 1. 

Fractionation of the D-Unit scale. The 3 degrees of taste focus provided by fraction 
ation of the 1) Unit scale are measured by the Macro, the Micro, and the Ultramicro 


taste seales. Each of these 3 seales has important special uses, and will therefore be 


discussed in some detail. 

The Macro taste scales. The Maero taste seales are equivalent to the D-Units of 
100% magnitude, secured by halving or doubling the concentration. The D-Units ar 
therefore 2 to 5 times larger than the reported taste responses measured in JND’s 
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any part of the sucrose taste stimulus continuum (7,44). In addition to their value in 
the structure of the sealing device, these D-Units are also suited for use in preliminary 
sealing of taste thresholds, since the usual day-to-day fluctuation in taste thresholds 
(9, 33,78,79) may not at present warrant a finer scale interval for routine tests. 

This D-Unit seale of 4" provides at least 5 or more elass intervals for all 5 of the 
primary taste substances shown in Figure 1. Furthermore (aecording to dilution sealing 
represented in Figure 1) all 5 primary taste substances, i.e. sodium chloride, sucrose, 
tartaric acid, phenyl thiocarbamide, and quinine sulfate, can be placed conveniently on 
the same master ])-Unit seale. 

The values marked for High, Medium, and Low taste acuity have been based upon 
the first set of tests on approximately forty normal subjects. These arrays will form 
the basis of expected distributions by population groups. The lowest levels marked for 
each solution are approximately 2 units below the response of the most acute normal 
taster observed to date. The highest level marked for each solution usually represents 
the first D-Unit below easy saturation of the solute in water. The high mark on each 
scale can be raised by the use of a solvent more active than water, or by the use of 
higher temperatures (SO, 57). On the other hand, scales for any one of these solutes 
can be extended to lower dilutions, if and when needed and as far as desired. 

The scale area between High acuity and Saturation is available for scaling hypo 
sensitive tasters, levels of ageusia, or degrees of taste-blindness, and for reeording 
affective and subjective responses. The dilutions below the lowest levels marked for each 
solution can be extended indefinitely for hypersensitve tasters, for any lower form of 


animal or insect life which might possess marked gustatory sensitivity or chemoreceptive 
(H9) 


response, and for detecting rancidity, reversion products (2), and toxie substances 
possessing tuste qualities. Some of these substances ean be detected at more dilute 


levels by taste than by the current chemical procedures (3). 

The scientific literature reporting threshold values for the 4 primary tastes is wide 
spread and voluminous. The reported threshold values generally fall within the range 
secured by the writer (as presented in D-Units in Figure 1), but the average thresholds 
vary widely. 

For example consider the various seales for suerose thresholds. When recalculated 
into D-Units, they are found to span different ranges, for example: 41D to 8D (7); 
4D to 15D (93);2Dto 11D (17); 4D to 9D (381); 5 Dto 9D (59); 3Dto 9D (388); 
2Dto 13D (39). On these different sucrose scales, the average threshold for man tends 
to vary, sometimes as much as 100% (30,73). 

Similar examples of diversity in span of threshold scales might be presented for the 
other primary tastes. For instance in reports from 10 different investigators, the aver 
age threshold values for salt vary between 4D and 7D (74). An interpretation of the 
genetic and metabolic relationship between genes responsible for the expression of indi 
vidually different taste reactions to sucrose, salt, and phenylthiocarbamide may depend 
upon the type of dilution seale used, both as to range and as to degree of fineness of 
the elass intervals used. 

For comparative gustometries the D-Unit scale also provides a master seale for the 
taste records of animals, lower vertebrates, and insects. Threshold tests on the chim 
panzee (65), monkey (10,65), rat (65,72,91), rabbit (36), cockroach (35), moth 
(36), housefly (27), blowfly, butterfly, water beetle, frog, and fish (67) demonstrate 
that when taste ability or chemoreceptability exists, the average threshold levels in these 
lower organisms, though generally less acute than in man, are frequently within the 
same D-Unit range as in man. This is true in spite of the great lack of uniformity 
among the results of different workers on the same species (24, 36). 

For the rabbit a sucrose threshold (36) reealeulated into D-Units is close to 5D 
with a standard error (combined + and —) of 4D. The sucrose acceptance threshold 
for 40 cockroaches in 160 tests (35), restated in D-Units, provides a mean value between 
5 and 6D, with a maximum individual range from 3D to 8D. The values and ranges, 
it will be noted, are comparable to those secured for man, and also comparable to the 
range in response, whether gustative or chemoreceptive, for the blowfly, butterfly, and 
honey bee (see 35). 

In lower forms of animal life and in insects, response to some of the primary taste 
substanees may be absent (47). The response depends upon contact, the nature of the 
chemical, and the strueture of the reeeptor surfaces (28). Chemoreceptors may be 
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tarsal, antennal, or internal. In some forms, as <n frogs or fishes, the reaction or re- 
sponse may be observed only as muscular twitching or as a change in the membranes 
observed under the microscope. According to data available from numerous sources the 
taste response, and chemoreception in general, regardless of the species or the part of 
the body responding to stimuli, is amenable to sealing in D-Units. 

The D-Unit, representing a magnitude of 100%, is wide enough for the first scan- 
ning of population groups both for thresholds of perception of a difference and of recog- 
nition of the stimulus. Single D-Unit values slightly above recognition levels may serve 
for identification levels, and for diagnosis of neural disturbances or of physiological or 
genetic differences. 

For some taste-stimulating chemicals in solution the D-Unit may be 
with classes too few. The unit can then be reduced conveniently to any of its fractions, 
eg., % D’s or % D’s, without breaking away from the basie D-Unit series. By adjust 
ing class interval, first, to the breadth or range of the ehemical stimulus associated with 
successive dilutions, and, second, to the extent of the taste responses, one may be assured 
of any ideal number of class intervals for any soluble or miscible substance. At the 
same time the same data retain the accumulative and comparative advantages provided 
by basie attachment to the master gustometrie scale of D-Units. 

The master D-Unit scale is set up in Figure 1 to cover a range of 33 D-Units, con 
tained in 11 log cycles; this range goes from the most concentrated foods (i.e. from a 
concentration of 100.0 parts into 0.4 parts) down to very dilute solutions of chemicals 
(i.e. down to a dilution of %4%). The seale for each chemical has its own independent 
and different range upon the master seale; nevertheless each chemical, from saturation 
point to taste extinction, extends on the seale approximately the same length: Le., 15 
l)-Units, or within 5 log cycles. The most dilute of the five primary taste solutions in 
Figure 1 is a solution of quinine sulfate, where 24D (14™) represents a dilution rate of 
1: 21,000,000. Yet even this low dilution level can be diluted further, at will, since there 


» found too wide 


is no end to the dilution seale. 

The gustometric scale has been calculated for all 5 primary taste substances 
sucrose, sodium chloride, tartaric acid, phenylthiocarbamide, quinine sulfate—in terms 
of % log D-Unit values (Table 2). This guide table of values, spanning the range of 
dilutions from saturation to subliminal thresholds, embraces for all disciplines the sig 
nificant area for graded taste stimulus-response relationships. 

The Micro taste scales. The Micro taste scales represent class intervals of 4% and 14 
log size of the D-Units, i.e., 19 to 41% as inerements. These micro intervals therefore 
approximate in magnitude the size of JND’s as reported in Table 1, scales 1 and 3. As 
will be shown, these Micro scales are suitable for taste-matching and for the measure 
ment of taste levels in establishing specifications and standards for quality development 
and control. 

In order to determine this value of %4 log D-Unit size as the proper taste focus for 
food specifications, a method was devised whereby the test item was bracketed from 
both higher and lower levels with suecessively smaller fractions of the D-Units until the 
point was reached where a finer fractionation of the D-Unit would not improve the 
accuracy of the test. An example of this procedure is shown in Table 3. 

In column 1 of Table 3, full-sized D-Units bracket the sweetness level of a protein 
supplement beverage between 2D and 4D. Even though the results were consistent in 
all 5 repeated trials, the difference of 2 D-Units (from 2 D to 4D) is too wide for prac 
tical use. In 3 repeat tests (15 trials), using smaller (% log) D-Units, the sweetness 
level was bracketed in all 15 trials between 24% D and 3% D. This result is consistent 
and is brought within closer boundaries to the actual value, but its consistency indicates 
that even finer bracketing may be used successfully. When a finer bracketing (™% log 
D-Units) was used, a consistent value of approximately 344 D-Units or 3.9% sucrose 
equivalence was secured. However, the fact that the taster recorded 10 of the 30 test 
items 3 D, and 5 of the 30 test items 3% D, indicates that the limit of fractionation for 
this product had probably been reached—at a seale interval or span of 4 log D-Units. 
It has been noticed that the % D-Unit seale interval serves to measure the breadth of 
the taste peak in different food substances, and the individual differences in taste 
focusing ability between tasters. 

Bracketing the taste-equivalence of foods at 4% D-Units also represents an aecept- 
able tolerance of variation in taste control for use in formulations and specifications. 
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TABLE 3 


Establishment by taste matching of the magnitude of the interval for Micro 
taste scales (for food specifications and formulations) 


Example \ protein supplement reconstituted as a beverage, tested during 5 consecutive 
days (in 9 trials with 5 to 10 repetitions per trial) 


. — ————! — = = ——— — 
Micro 5 tests Sucrose 


ale by ; 
— |} D-Unit 30 tests by 4% D-Unit equiva- 
%-log | inte -. intervals lence to 
4 } on re to 
}D-Units vals D-Units 
































| mm A | 


©The numerator refers to the number of trials in which the scaling solution was sweeter than 
the unknown test item in paired comparisons. The denominator refers to the number of tnals in 
which the scaling solution was less sweet than the unknown test item, 

fPrackets indicate the value nearest equivalence between scaling solution and the unknown 
test ifem 


This statement is based upon taste measurements made on many different 
foods and beverages used in hospital feeding. 

Attention is drawn especially to 4 foods as representative examples of the use of the 
Micro D-Unit scale, namely, canned applesauce, as a relatively homogenous but proc 
essed food; a protein supplement, representing a highly concentrated food requiring 
reconstitution before it can be consumed as a beverage; and fresh liquid milk, repre 
senting an unaltered natural food when whole, and the same food deprived of one con 
stituent (fat) when tested as skim milk. 

The sucrose-equivalence in Miero D-Units for the sweetest and least sweet of 10 
brands of canned applesauce was 6.05%, and 3.60% respectively. The sucrose equiva 
lence of the sweetest and least sweet of 10 formulations of protein supplements was 
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3.90%, and 0.0%, respectively (Table 4). Skim milk was 1.51% and whole milk was 
1.96% sucrose-equivalent (Tables 4 and 5). 

The sweetness of the 10 protein supplements is definitely 
applesauce, as processed and canned today with sugar added. 
supplement was rated ‘‘too sweet’’ by the consumer panel, while the least sweet brand 
of applesauce, though rating approximately the same as the sweetest protein supplement 
in sucrose-equivalence on the gustometric scale, was considered by the consumer panel as 


‘“too bland.’’ 
This relative response to sweetness level in different foods serves to demonstrate the 


below the sweetness of 
Yet the sweetest protein 


























tie-in between affective responses and the standardized I)-Unit gustometric scale. By 
TABLE 4 
Sucrose equivalence of protein supplements in Micro D-Units 
em “~— Ten leading brands 2 reconstituted into a 
a) — ae _— re to 
DUnits hguvd hguid A h c | D Ee] -r]@] a I oP saa 
milk | milk 
1D 17.12 
oI 14.39 
1, 12.10 
% 1/0! 10.18 
2D 1/1 8.56 
¥ 0/1 7.20 
% 6.05 
% 4/0 | 5/0 5.09 
3D 5/0 3/2 | 5/0 4.28 
% 5/0 1/3 | 1/3 5/0 | 3.60 
M%, 5/0 | 0/5 2) 4/0 | 5/0 | 3.03 
% 0/5 RID 0/4 | 0/4 [4/0 2.54 
4D | 5/0 es, 0/5 15/0 0/4 | 0/1 0/5 | 2.14 
% 14/1 | 0/5 5/0 0/4 0/4 | 0/5 1.80 
% 0/5 OP) 0/4 0/4 151 
™% [1/4 0/5 1.27 
5D [0/5 0/5 1.07 
% 90 
M% 76 
™y% 64 
6D 3 
Nil' Nil 












































* Data in this table, as well as in Tables 3 and 5, were secured as part of a comparative study 
of protein supplements as to consumer acceptance, supported by grants from Mr. Howard Bishop, 
Summit, New Jersey, to the University of Illinois College of Medicine. 

»The numerator — number of times the D-Unit scale solution is considered sweeter than the 
test item; the denominator = number of times the scale solution is considered not as sweet as the 
test item. 

‘Since the average sucrose taste threshold is approximately 6 D, a record of “Nil” is given 
to any item in which the quality of sweetness cannot be recognized by taste 

JItem D was given only a spot taste test; the high medicinal flavor made further tests of little 
value until the dominant medicinal taste is nullified. 

*The brackets indicate the approximated value for sucrose equivalence of each item 
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TABLE 5 


Sucrose equivalence of reconstituted protein supplements. An example of the shift in 
taste level of a single protein supplement, reconstituted at different levels of 
concentration, and in different solvents (e.g. water, skim milk, frest milk) 





Effect of solvent on 


protein supplements reconsti equivalence of 
taste equivalence 


tuted in water to equal milk liquid milk used 
f 3.5° protein, or its as reference when reconstituted 
multiple standard 


Sucrose taste equivalence of Sucrose taste j 


Micro * 
scale 


Sucrose 


in vo 
tok water fresh fresh D-Units 
san 1 3 4 5+ Fresh Fresh skim whole 
MPLE! MPLE MPLE MPLE skim whole milk milk 


° 


MILE 


- — | equiva 
In | In In lence in 


MPLE MILE 





5/0 





10/0 





10/0 


6/4 
jo] 


| 2/3 
0/10 
| 





























6D | jt . ~ q 


IMPLE Milk Protein Level Equivalence: a convenient method of referring to the concen 
tration level of any reconstituted food used in high protein feeding, when the dehydrated powder 
ean be added conveniently to water, milk, fruit juice, or other solvent, to provide a liquid diet higher 
in protein value than is usually obtainable from natural liquid foods. 4 MPLE in water contains 
14% protein; 4 MPLE in milk contains 17.5% protein. 





this method subjective responses can be anchored to permanent fixed points on a stand 
ard reference seale: National and international preferences and prejudices can be 
measured and compared by such a taste meter. 

For example, if the concentrated protein supplements are to be used like milk bev 
erages, we may wish to reformulate them according to the sweetness level of some well 
known standard, like whole fresh milk. To make such corrections for sweetness, we 
would reduce the sweetness level of protein supplement B, and inercase the sweetness 
level of CC. However, if the protein supplement is to be added to fluid milk rather 
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than to water as solvent, or if it is to be used as a high protein supplement and is made 
up to 3 or 4 times the milk protein level (8 MPLE or 4 MIP’LE), then the B protein 
supplement might be excessively sweet, while the C might not require any additional 
sweetening. 

On the other hand, suppose these protein supplements were to be shipped abroad as 
bulk concentrates to foreign hospitals, as in India, where more sugar or sweetening is 
commonly added to milk and to milk produets (32). In that case the higher sweetness 
levels might be desired. The record on the permanent fixed sucrose log scale would pro 
vide the necessary data for international comparisons and specifications. 

When taste levels for any food are not in agreement with good nutrition, the D-Unit 
values serve as bench marks for the measurement of subsequent progress in the produc 
tion of therapeutic foods and in medical nutrition education, 

The gustometrie measure of taste level could also have bearing on Food and Drug 
regulations. As for applesauce, the question can be raised: ‘‘ What is the definition of 
a sweet, or a ‘tart’ applesauce?’’ or ‘‘When is sugar added?’’ The answer cannot be 
secured in terms of degrees of Brix, or of refractometer readings. It is necessary, first, 
to establish the optimum range by taste level marked off on the standard gustometric 
scale. When these taste levels are established in the specifications, first according to 
consumer acceptance, instrumentation may then take over and provide some of the sub 
sequent control upon the new formulation through the use of refractometer, hydrometer, 
degrees Brix, pH meter, or other physical -chemical- mechanical deviee for quality control. 

In the modern production of foodstuffs, the temptation has been great to bypass 
the ‘too variable and unpredictable human responses,’ and to go directly to instrument 
measurements for quality control. And yet these variable human responses can be 
brought within the range of prediction and control by means of statistical organization 
of responses on a universal standard of reference. 

There is no instrument that can measure sweet, saline, sour, or bitter as such in the 
ordinary foods of the day. Only in specifie and restricted instances with relatively 
simple items can this be accomplished. And yet these measures on the foods of commerce 
represent the taste levels needed most by the food engineer. The accentuation of natural 
taste may at times be considered illegal (46), and the individual judgment of flavor or 
the consumer group opinion may be questioned. Taste levels in D-Units on the gusto 
metrie seale provide that standard information needed for specifications and regulations 
in taste quality control. 

It will always be necessary to transpose the subjective taste (sensory) responses 
into the standard reference D-Unit values, before they can be in turn transmitted to 
the control of instruments. 

The Ultramicro taste seales. The Ultramiero taste scales are among the finest sub 
divisions of the D-Units to which any organism may respond. For man they inelude the 
log fractions from %& to 4, and smaller if necessary. At 44, the D-Unit interval is 
reduced to an inerement of 1.0889%, which is finer than taste diseriminatory ability 
usually to be encountered, and equal to the difference in magnitude of stimulus required 
to elicit a response in the finest of sensitivities. 

An example of the use of the Ultramicro taste scales in establishing the taste differ 
ence threshold for sucrose is shown in Table 6. 

The test presented in Table 6 was set up to bracket (above and below) the 3% 
D-Unit level. The 34% D-Unit level is in the mid-range, and is equal to 3.600 sucrose 
solution. Out of 5 complete tests, the difference thresholds were as follows: 2.20¢; 
4.4%; << 1.1%; 2.2%; and 4.4%, Even though the subject had a threshold of recogni 
tion for sucrose of 6D (0.53%), which is average for population tests, the results of 
these discrimination sucrose tests are much lower than any yet reported for sucrose. 
Calculations from published data in Table 1 show previous low JND’s of 16.30% and 
28.6% for sucrose at the same level of sucrose concentration. 

These low Weber fractions of 0.011 to 0.044 secured in these tests by successively 
smaller fractions of D-Units (Table 6) indicate that taste discrimination may not be as 
erude as the 0.30 average currently reported for it, but may rank equally with some of 
the finest discriminatory abilities, e.g., 0.01 for vision, 0.025 for perception of weight 
differences, and 0.05 for pressure on the skin (58). 

In order that difference-thresholds possess meaning, all discrimination tests and 
difference thresholds should be measured in relation to some universal standard of ref 
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erence as represented by the D-Unit scale. Furthermore, by means of this bracketing 
device used in the discrimination test, the relation between stimulus and response may 
be studied over its entire range without restriction to any preeonceived hypothesis of 
the psychophysical nature of the stimulus-response relationship 

Ultramicro taste scales have many potential uses as yet not fully explored: 
spanning devices for the measurement of difference thresholds; as bench marks for the 
record of relative discriminatory ability in various subjects, normal, atypical, or chron- 
ically ill; for taste-matching food with chemical, or food with food; for bracketing an 
unknown fine taste on the chemical seale; for establishing taste and odor levels in 
water and beverages; and for measuring excessive or abnormal sensitiveness to taste 
stimuli on a universal standard in the diagnosis of suspected metabolic, psychiatric, and 


as 


psychosomatic disturbances. 
DISCUSSION 

The D-Unit scale as a taste-measuring device in gustometrics. I5y efi 
nition, the gustometric D-Unit seale is a mathematical sealing device, 
adjusted to taste stimuli and responses, so as to provide a standard ref- 
erence and an orderly arrangement required for the recording and the 
analysis of perception, recognition, acceptance, and rejection of saporous 
substances by the organism. 

According to this definition, the D-Unit seale is neither a simple stimu- 
lus seale, a response scale, nor a physical scale per se. And vet by virtue 
of its mathematical construction (halving and finer fractioning) and its 
physical-chemical features (dilution or concentration), the D-Unit seale 
includes characteristies of all 3 classes of seales, in addition to the charae- 
teristics uniquely its own. For instance, in the successive dilutions and 
concentrations of chemicals or foods, the D-Units appear as, and are used 
as, different levels of stimuli. At these increasing concentration levels the 
stimuli are expected to evoke increasing (more or stronger) taste responses. 
But the D-Units are mere mathematical increments, or at best physical 
divisions of solutions or of food substance of varying degrees of homo- 
geneity, and are not constructed as measured or graded seales of increasing 
or decreasing taste stimuli. A true stimulus scale would be constructed as 
a uniform graded series of a single mode of taste-evoking impulses. But 
even with any one of the so-called primary taste-stimulating chemicals in 
solution, a simple stimulus scale is seldom produced by dilution units. 
When considered as stimulus scales, primary solutions are usually taken 
from a mid-section of the diiution range in order to evade confusion 
of stimuli to be encountered at high concentration levels (55). Further- 
more dilution seales are usually multi-modal in the character of responses 
elicited from the taster (29, 77), a feature widely recognized also in strik- 
ing form with the different taste responses to PTC and other chemicals in 
solution (9). 

Pure sucrose or pure sodium chloride, ete., dissolved in pure tasteless 
and odorless water, elicits responses with different degrees of pleasantness 
and unpleasantness at different concentrations (29, 69). Acid and _ salt 
solutions may be pleasant at dilute levels and unpleasant and bitter at 
high concentrations (77,89). Even bitter has its pleasant moments at very 
dilute levels, occasionally and when combined or associated with different 
tastes (23, 29, 59). 

Other changes also take place with dilution and concentration, i.e., 
changes in consistency, viscosity, body, specific gravity, texture, color, in 
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degree of ionization, and in pH. These variants of the stimuli at different 
levels of dilution help to produce the multi-modal taste response. The pat- 
tern and nature and degree of response for the same sapor may even 
vacillate back and forth with different degrees of concentration and dilu- 
tion. For these reasons D-Unit scales may even hold characteristics usually 
confined to response scales. In taste-matching, response and stimulus seales 
(with 3 classes, e.g. +, —, —) actually become interchangeable. 

Stimulus scales (as a series of increasing weights) are usually discrete 
and separate from response scales. In taste, too, response scales are devel- 
oped in many instances separately from the stimuli they are to measure. 
These response scales include, for taste, degrees of like or dislike, of pleas- 
antness or unpleasantness, of acceptance or rejection, hedonic tone, affective 
responses, and taste intensity. 

Subjective responses have been extensively treated in terms of prefer- 
ence (94), scaled in terms of intensity as gusts (5, 6), and statistically 
organized in terms of laws of comparative judgment, rank order, and 
prediction of choice (86). The D-Unit seale device may form, under speci- 
fied restricted conditions, a true scaling of stimuli or of responses or of 
physical features, but it is not always any one of these in simple form. The 
extent even to which it may be used for any one of these features remains 
vet to be determined. 

There is another distinction to be made between the D-Units as stimulus 
scale and the subjective response scales — usually encountered in taste- 
matching. Take as examples the 2 items applesauce and a protein supple- 
ment reconstituted into a milk-like beverage; both items may have a 
‘*sweetness’’ rating equivalent to 3% sucrose solution on the D-Unit seale. 
However, this rating does not imply an equal sucrose content of 3% in the 
2 different foods. The subjective response is recorded merely in a chemical 
sucrose scale value, and may or may not be (and usually is not) eom- 
parable to the specified sucrose concentration. Foods may contain lactose, 
levulose, or saccharine, and their combined subjective effect, by virtue of 
the test for differences, is combined into a sucrose-taste-equivalence. Such 
a sucrose-taste-equivalence as 3% in applesauce can be arrived at or dupli- 
cated by any number of permutations and combinations of sugars, acids, 
and astringent factors (18). Even physical factors, like the size of erystals 
or homogenization, alter the perception of sweetness. 

A knowledge of the competitive and compensatory and complementary 
action between acids, sugars, salts, and other food constituents is basic to 
food acceptance (30), and yet the resulting taste levels must and can be 
translated on to the D-Unit scale. In food engineering practices, salt is 
often required at different levels in different kinds of foods, even for dif- 
ferent kinds of candies, to reduce the sourness of acids or to inerease the 
sweetness of sugars (21). 

The value of the standard taste level scale in D-Units is the universal 
comprehension and duplication of the 30% sucrose-taste-equivalence, or any 
other level of any taste wherever needed. And the need arises when any 
D-Unit value reprsents optimum consumer acceptance or consumer need, 
and when deviations from that D-Unit value represent rejection of the 
food, or result in deficiency status of the consumer. 
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The question can be raised: Do D-Units provide a measure of taste in 
subjective taste units? This question may be answered as follows: Subjec- 
tive taste units or increments of taste discrimination vary from individual 
to individual, and from condition to condition. Nevertheless, psychological 
taste scales have been developed in terms of gusts as a subjective measure 
of taste intensity (5, 6), and demonstrate interesting possibilities in use. 
However, the psychological taste scale reaches a 100% ceiling beyond 
which it cannot go, leaving some foods of high taste intensity—like lemons, 
ete.—unsealable (6). On the other hand, any subjective taste unit can be 
localized and described (in amplitude, range, or intensity, ete.) at any 
specified locus on the D-Unit seale. The D-Unit seale as a gustometer pro- 
vides impersonal taste meter markings as permanent limitless standards 
of reference. Its value lies in the subsequent use to be made of the stand- 
ardized information, in the same manner that information secured with 
the mercury thermometer acquires value only to the extent that the in- 
formation can be and is used. 

The mathematical and physical features unique to the D-Unit seale 
extend beyond stimulus, response, or physical scales as such, and are im- 
bedded in the structure of the progression series originating at a fixed 
point or universal standard of reference, i.e., at one concentration, the 
point between the dilution and the concentration series. 

In psychometrics an absolute zero has been considered desirable for 
psychological seales, if attainable, but not considered essential (40). For 
ratio seales an absolute zero is always implied even though the zero value 
on some seales (e.g., Absolute Temperature) may be unattainable (85). 
In the measurement of taste of foods and in the measurement of the ability 
of subjects to taste saporous substances, a central point of origin possesses 
greater significance and is attainable. For instance, the process of eating 
foods is a process of gradual dilution, abetted by comminution, salivation, 
‘ate of acceptance, mixture with other foods, and alternate imbibition. So 
too in the protection against poisons—the nibble or the sip provides also 
the gradual increased concentration necessary for protection from toxie 
substances while approaching the threshold of acceptance or rejection. The 
central fixed point of reference in the midst of this universe of tastable 
chemical compounds and natural foods (and their would-be substitutes or 
counterfeits, the toxicants and poisons) have a definite ontogenetic and 
phylogenetic bearing upon survival and the nature of the surviving type. 
For such, the D-Unit scale provides the desired central standard anchor- 
age for its origin, and also the frame of reference for the unified dilution 
seale required in a science of gustometries. 

Comparative gustometrics in D-Units. In comparative gustometrics. 
solubility for chemicals in solution has a parallel in the shift in ratios of 
ingredients in solid foods. This fact takes on current importance to both 
producer and consumer as food processing comes, more and more, to in- 


elude straining, chopping, homogenizing, pulverizing, centrifuging, rolling, 
separating, refining, and remixing, with the necessity for increased atten- 
tion to the different effects of these processes upon the taste acceptance of 
the final produet. 
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Dehydration and concentration of foods has come to be encouraged 
because of the decrease in packaging and shipping costs. The subsequent 
necessity for reconstituting the concentrate raises taste problems which 
parallel the taste problems for chemicals in solution. Of the starches, 
fats, emulsions, gels, casein in milk, some are pseudo-solutions and cel- 
loidal in nature. Yet these constituents go through the diluting process 
(or reconstitution) as though they were true solutions. 

Although the parallel between liquid solutions and solid solutions indi 
cates a common use for the D-Unit seale, irregularities in action of these 
solid solutions demonstrate, as with true solutions, that they do not provide 
taste stimuli in a simple graded series. The salts, acids, and bases may dis 
sociate and require buffers at certain levels of concentration or dilution 
During reconstitution the starches or veasts may settle out, the fat may 
rise, while the lactalbumins may overflow in foam. Stabilizers, neutralizers, 
emulsifiers, and wetting agents may have to be added to take effect at some 
levels, and not at other levels, of dilution (reconstitution) in order to 
maintain taste acceptance. These variables, concomitant with stage and 
level of concentration and dilution, represent examples of a few of the 
disruptions to the concept of a simple taste stimulus scale associated with 
dilution as such. 

Obviously the D-Units as loci on a metered scale are relatively free 
from these distractions and are able to serve as standard bench marks for 
the recording of any one of these and other changes which may affect 
taste at each different level of concentration, reconstitution, dilution, or 
mixing of any food product. 

The centrally controlled successive dilution method has other advantages 
besides its parallelism with the precesses inherent In successive concentra 
tion and reconstitution of foods. [nfinitesimal quantities of chemicals and 
tastable substances, too small to weigh on an analytical chemical balance, 
can be measured by gustatory and olfactory responses of the subject. By 
dilution procedures the usual chemical laboratory accuracy of 0.0001 
for weight can be exceeded or extended considerably. As a result the meas- 
urement of the finer shades and variations in taste perception may be im 
proved as diagnostie signs in psychiatry, pathology, and clinical medicine 

The gustometric scale as drawn in Figure 1 extends from 2° to !.** 
and covers a range from highly dehydrated food items reduced to 0.4% 
to dilutions of 6/100,000,000, Since the progression series is without end, 
these extremes do not represent limits. Also, since all scale units can be 
subdivided endlessly, some predictions can be made on the use of the scale 
in gustometry. 

The universal gustometric scale (Figure 1) provides the common de 
nominator for which we sought to underline many separate floating islands 
of taste research. To mention a few, together with selected references, 
the D-Unit scale can include within its framework the following diverse 
interests : 

1. Individual differences in responses to the primary tastes of sweet, salty, sour 

and bitter (9,33, 78,79). 
2. Use of taste response in neurological and anatomical studies (@4, 68, 69). 


3. Relation between concentration and affective responses, hedonie tone, and othe: 


subjective responses (456, 4 











44% W. FRANKLIN DOVE 


4. Taste type and taste levels used for diagnostic purposes in injury and in dis 
ease (12,43). 
5. Taste levels for hypergeusesthesia (76), ageusia (70), cacogeusia (84), after 
tastes and ante-tastes, taste aura (13,82), ete. 
Hyper- and hypo-sensitivity as thresholds of perception and recognition, as in 
diabetes (92), lead poisoning (88), effect of pregnancy (70), and metabolic 
disturbances of the thyroid (43). 
. Degrees for taste acuity for taste judges and chefs (17, 26). 
8. Degrees for taste-discriminatory ability (7,49,51,54) and taste-matching (6). 
9. Permanent bench marks for taste levels in formulations, recipes, and food speci 
fications (Tables 4 and 5). 
10. Analysis of taste and appetite or hunger (38,50) in specifie diseases, such as 
tuberculosis, and chronic illness (37). 


~ 


~ 


In addition to taste measures on the subject or patient, the same scale 

includes taste measurements used in food technology, i.e. : 

11. Chemistry of taste (22,58). 

12. Taste levels for all natural foods and their genetic relatives, as well as for those 
which have been dehydrated, processed, condensed, concentrated, reduced, or 
diluted. 

13. Intimately associated with the measurement of taste problems in producing (39), 
preparing, and processing foods (23, 26), the taste measurements for all of 
these foods when reconstituted or prepared for the consumer. 


The analysis of the literature in each one of these 13 areas in which 
taste measurements are possible or have been required, and the suggested 
uses which could be made of the D-Unit device in each of these areas, go 
beyond the purpose of this article. Needless to say, however, the research 
in each area has been quite largely detached and isolated by the lack of a 
standard frame of reference for the correlation of stimuli with responses. 
This reference standard is supplied by the D-Unit device. 

The universal adaptibility of the D-Unit scale. Aside from the wide 
applicability inherent in the D-Unit scale previously noted, there are char- 
acteristics in this device which are uniquely universal. Although some of 
these characteristics have already been referred to incidentally, they merit 
summarization, which follows : 

1. The seales lack ceilings, and are therefore capable of metering any level of con- 

centration or dilution desired. 

2. A universal taste focus is provided by a limitless fractionation of scale segments. 
2. Units may be treated as of an arithmetical or logarithmic series, or by any 

formula which may fit the data. 

4. A duality exists between dilution and concentration, whereby either dilution or 
concentration is a reverse image of the other at any level, and either may be 
substituted for the other when freed from the fixed point of origin. 

5, An identity exists between the seale for chemicals in solution and the seale for 
the concentration and dilution of natural foods. 

6. The gustometrie seale should be potentially capable of metering all taste re- 
sponses from taste stimuli reeeived from any saporous substance, by any organ- 
ism, anywhere. This same D-Unit seale, although drawn up here in Figure 1 for 
man, has the flexibility and extensionality to encompass the taste responses in 
all food-getting organisms capable of responding to such stimuli. 


All of these universal features are incorporated without detraction from 
and, in fact, to the advantage of comparative taste analysis. 
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These conclusions in regard to the universality of the gustometric seal- 
ing concept do not impinge upon taste-testing procedures used, nor upon 
the use of psychological taste scales, nor upon the physico-chemical, psy 
chophysical, or clinical and medical concepts of taste; but may assist in 
their organization, development, and interpretation. The relationships are 
the subject of continuing investigation. 


SUMMARY AND CONCLUSIONS 


The present report deals with the development of a universally adapt- 
able gustometric scaling device, where now there are many scaling methods 
and a plethora of taste scales, but without a unifying principle. 

An analysis of past and current taste scales used in numerous disci- 
plines reveals the nature of the major deficiencies, and explains the need 
for an underlying standard of reference in this science. 

In the light of these obvious past difficulties, and on the basis of experi- 
ence with present need and future potential demands in taste acceptance 
research, a universal gustometer or taste meter has been devised. The taste 
meter is not alone a stimulus seale, a response scale, or a physical scale, 
but is rather a mathematical progression scale, subdivided according to 
the magnitude necessary to record the taste changes that occur when foods 
or soluble chemicals are diluted or concentrated. The taste meter serves 
as a universal and permanent frame of reference for stimuli, responses, and 
physical changes concurrent with dilutions and concentrations. 

The gustometric scale consists of a centrally anchored progression series 
of dilution units adjustable in scale interval to the magnitude of the change 
in stimulus required to elicit specific measurable taste responses. 

Other characteristics of the taste meter include the following, as de- 
scribed in the text with examples: 

1. The taste meter is marked off from a central point of one molar 
solution for soluble chemicals, and of one part by weight or volume for 
natural, processed, or synthetic foods. 

2. This fixed point of origin, one concentration, is at the center of the 
universe of tastable substances and of responses by tasting organisms. 
ments for taste is the exponential formula of 1%" for dilutions, and 2" 
for concentrations. The exponent for dilutions represents the number of 
D-Units, and provides for rapid calculation, comparison, and reproduction 
of the same unit level of taste solutions anywhere, any time, in any 


3. The mathematical formula which serves best the myriad require- 


discipline. 
4. The same series of D-Units serves as a progression series for both 
dilutions and concentrations, since : 
(a) one concentration represents the central point common to both 
series ; 
(b) the same formal statistical order for the dilution series forms a 
reverse series for the concentrations, and the 2 series are therefore 


interchangeable ; 


(¢) the seales have no terminal points, have no ceilings, do not end; 
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(d) the same dual scale measures both chemicals and foods, natural as 
well as processed foods—be they concentrated, dehydrated, diluted, 
mixed, or reconstituted ; and should therefore be capable of meas- 
uring any saporous substance to which there is a graded response. 

5. The taste seale, subdivided according to the magnitude of the re- 
sponses secured from tests over the dilution range, provides a universal 
taste focus of many taste situations, responses, and problems. Universal 
taste focus is secured by successive fractionation of the D-Units. Three 
useful scale intervals are described, with examples: 

(a) The Macro D-Units of 1 D (increments of 100% ) are suitable to 
the scaling of taste thresholds, serve as loci for records of affective 
responses, and as levels for establishment of relative acuity of food 
judges and the extent of pathological change in taste or presence 
of genetic differences in taste ability. 

(b) The Micro D-Units of 144 D (increments of 18.9207%) serve as 
bench marks for taste matching, for food specifications, formula- 
tion, and establishment of levels for reconstitution of dehydrated 
foods. 

The Ultramicro D-Units, fractionated to 44 D> (inerements of 
1.0889% ), or smaller if necessary, mark off the degrees of fine 
taste discrimination and establish taste difference thresholds. 


6. Since the D-Unit scale is endless, it is capable of extending beyond 
(and therefore includes) the entire range of any taste stimulus continuum. 

7. Each of the 5 primary taste solutions (sucrose, sodium chloride, 
tartarie acid, phenylthioecarbamide, and quinine sulfate) is found to span 
4 to 5 log eyeles, regardless of their different positions on the master scale. 
The entire range of tastable substances on the master gustometrie D-Unit 
seale falls generally within the span of 10 to 11 log eycles. 

8. The D-Unit scale has the multiple advantage provided by adapta- 
bility to mathematical treatment as a logarithmic, arithmetical, numerical, 
or other progression series. 

9. The taste response features, measured by numerous investigators, 
on different seales in many different disciplines, appear to be measurable 
to advantage on this one D-Unit seale. 

10. Since the D-Unit seale is adaptable to the measurement of graded 
taste responses to a graded series of taste stimuli, on an endless scale, it 
should also be adaptable to the measurement of taste, smell, and the com- 
mon chemical sense in insects and animals, as well as in man, regardless of 
the organ or strueture responsive to the different stimuli. 

A taste spectrum, calculated for all 5 primary taste substances and for 
natural or processed foods, with dilutions dispersed according to 14 log 
1)-Units, is presented in table form, for use by any discipline in focusing 
upon taste responses in any significant area between saturation and sub- 
liminal thresholds of perception of a difference in taste. 

The gustometric scale is presented also in graphic form, together with 
test examples of its use in evaluating foods and subjects. These applica- 
tions include assays of the primary taste thresholds, difference thresholds, 
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examples of taste-matching, and the establishment of taste levels for the 
proper reconstitution of protein supplements to serve as taste standards 


for food specifications. All of these features are marked off on the uni- 
versal gustometric seale. 

It is concluded, therefore, from a combined analysis of data available 
in numerous scientific reports in many different disciplines, and from 
critical test experiments by the writer, that D-Units of 100°) magni- 
tude, anchored to one molar solution and to food volume or weight as the 
central fixed point of origin, and forming a progression series of scales 
amenable to sub-fractioning (arithmetical or logarithmic) as parts to the 
whole, represent the common denominator and frame of reference best 
fitted to measure and unify the diverse phenomena to be met in a science 
of gustometrics. 
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More than 100 years ago, Ascherson (1) theorized that the fat parti- 
cles in milk were surrounded and stabilized by a ‘‘haptogeni¢ membrane’ 
assumed to be formed by the condensation of albumin at the fat/plasma 
interface. Since that time numerous components of milk have been asso- 
ciated with the fat-globule membrane of nonhomogenized milk, namely : 
lacto-fibrin (2), albumin (3), a mucin-like protein (29), serum proteins 
(31), ‘‘haptein’’ (10), ‘‘schaumstoff’’ (25), casein (30, 37), globulin-like 
proteins and phospholipids (22, 23) and a protein-phospholipid-glyceride 
complex (12, 13, 26). A number of minor substances have been included 
also such as: flavoprotein or xanthine oxidase (27), copper-containing pro- 
teins (6), agglutinin (28), carotenoids (16), leucocytes (24), phosphatase 
(14, 26), and lipase (17). 

Interestingly, in most instances a protein has been identified as, or 
associated with, the fat-globule membrane of normal milk. In a few cases 
these proteins have been characterized principally through the application 
of Van Slyke’s nitrogen distribution technique and selected elementary 


analyses (10, 26, 30, 38). Only limited data concerning a few of the amino 
acids present in the fat-membrane protein have been recorded in the liter- 
ature (10, 26, 30, 38). In a preliminary report (4), a comparison was 
made between the concentration of 13 amino acids in fat-globule mem- 
brane proteins prepared from nonhomogenized and homogenized milk. <A 
more recent paper by Hare, Schwartz, and Weese (9) listed the con- 
centration of 16 amino acids in the fat-globule membrane protein of 


nonhomogenized milk. 

Although there are no data in the literature which show the effeet of 
homogenization on the composition of the fat-membrane proteins of homog- 
enized milk, there are indications that the nature of the fat/plasma inter- 
face is changed markedly by homogenization. Wiegner (37) has calculated 
that the amount of casein that could be adsorbed on the fat surface in 
nonhomogenized and homogenized milk is about 2 and 25%, respectively, 
of the total available casein. He assumed that casein was the sole substance 
adsorbed. Doan (7) believed that the decrease in the heat stability of 
homogenized milk: resulted from an increase in the amount of casein ad- 
sorbed on the enlarged fat surface. Chambers (5) reported that the redue- 
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tion in curd tension accompanying homogenization resulted from an in- 
crease in the number of fat particles which served to weaken the curd 
matrix by providing an increased area upon which the plasma proteins 
become fixed. Weinstein and Trout (36) explained the increased suscepti- 
bility of homogenized milk to develop the solar-activated oxidized flavor 
on the basis that some of the oxidizable milk components were redispersed 
on homogenization and adsorbed on the newly formed surfaces. Moore 
and Trout (19) believed that the increase in the viscosity of milk homog- 
enized at lower temperatures was due to an increase in the adsorption of 
proteins on the fat globule. 

Webb (34) reported that homogenization of pasteurized milk was ac- 
companied by a corresponding increase in the surface tension of milk as 
the homogenization pressure was increased and the degree of fat dispersion 
became greater. Trout, Halloran, and Gould (33) presented evidence to 
show that the foaming capacity of homogenized milk was increased by 
homogenization. King (15) stated that the amount of free fat (hydro- 
phobic) was reduced by homogenization. These and other observations 
indicate that the newly formed fat surfaces, resulting from homogenization, 
were covered, in part, with proteins adsorbed from the milk plasma. Such 
a possibility was considered by Trout (32) who stated: ‘‘From the effects 
of homogenization on some of the physical properties of milk, it may be 
presumed that a film of protein materials is absorbed to the surfaces of 
the homogenized fat globules. Thus, the newly created fat globules are 
‘resurfaced.’ The absorbed layer appears to be different from that on 
normal fat globules.’’ 

The present paper is the first report of a series of investigations 
coneerning the nature of the fat-globule membrane obtained from non- 
homogenized and homogenized miik and deals specifically with an isolation 
technique and a comparison of the amino acid concentrations in the 2 
fat-globule membranes. 


EXPERIMENTAL PROCEDURE 


The milk used in this study was pooled herd milk which had been received and 
processed in the Michigan State College Creamery during the summer months. The 
average composition was 3.80% fat and 12.30% total solids. 

Fat-globule membrane proteins were prepared according to the flow diagram shown 
in Figure 1. Forty gallons of pasteurized, nonhomogenized milk and 70 gal. of homog 
enized milk were separated to provide an adequate working supply of the fat-membrane 
proteins. The isolation procedure was based on a dilution and washing technique pro 
posed by Palmer and his colleagues (12, 13, 23, 26, 38) in their classical studies with 
the fat-globule membrane. Their procedure for extracting the lipid materials from 
the proteinaceous materials of the fat-globule membrane consisted of refluxing the 
isoelectric, dialyzed fat membrane with successive portions of acetone, absolute ethanol, 
and purified ethyl ether. In the present stdy, the lipid materials were extracted, first, 
with cold ethanol-ether similar to the technique used by Hardy and Gardiner (8) to 
separate the lipids from blood proteins. This treatment was followed by extraction 
with 40°C. ether. The extraction technique was as follows: 

(a) Three volumes of cold (0° to 3°C.) absolute ethanol were added to the cold 
(0° to 5°C.), dialyzed concentrate of fat-globule membrane materials. This mixture 
was agitated 10 min. by means of a mechanical stirrer and then filtered through a 
pleated Whatman No. 2 filter paper. The residue was washed 3 times with cold, purified 
ethyl ether. 

(b) The precipitated protein material was added to 500 ml. of ethyl ether. The 
temperature of the mixture was adjusted to 40°C, and agitated for 15 min. The mixture 
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PASTEURIZED NONHOMOGENIZED AND HOMOGENIZED MILK 
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FAT-GLOBULE 
MEMBRANE PROTEINS 


Figure 1. Flow sheet showing the procedures followed in the preparation of 
fat-globule membrane proteins. 


was transferred to a separatory funnel to allow the precipitate to settle. The precipitate 
was drawn off and extracted 2 more times with lesser quantities of ether. The final 
separation of precipitated fat-membrane proteins and ether was accomplished by filtra- 
tion through a No. 2 Whatman paper. 

(ce) The protein residue on the paper was washed several times with ether and then 
dispersed in a small amount of distilled water, lyophilized, and stored in the dry state 
at —20°C. 

Nitrogen was determined according to the semimicro-Kjeldahl technique of Menefee 
and Overman (18). 

All of the amino acid determinations were made by the same standard microbio- 
logical techniques as outlined by Weinstein, Duncan, and Trout (35). 


RESULTS 


Analytical results obtained from the microbiological assay of the fat-membrane 
proteins of nonhomogenized and homogenized milk are given in Table 1. The amino 
acid composition of milk, the minor-protein fraction, casein, lactalbumin, B-lactoglobulin, 
pseudoglobulin, and euglobulin are presented for comparison. Microbiological analyses 
for arginine, histidine, isoleucine leucine, methionine, phenylalanine, threonine and valine 
made on fat-membrane proteins from nonhomogenized and homogenized milk reveal only 
slight differences in the concentration of these amino acids between the 2 membrane 
protein preparations. Similar determinations for lysine, glutamic acid, tryptophan, cys 
tine, and glycine show marked increases in the concentration of glutamic acid and lysine 
and decreases in cystine, glycine, and tryptophan in the membrane preparations from 
homogenized milk. 

The amino acid composition of the membrane-protein preparations from nonhomog- 
enized and homogenized milk differed markedly from any of the recognized milk 


proteins. 














suiwjoid snoapsyque 



























gs iL, pure ‘ulejsu l 
I ejduies 40} (6 IAN 
ee 2 - te ee +a - oe 66'6 FEST OFS 
FUL OF ol FL°6 ¥S cg"¢ 
‘S 3s ream t 280 60 cl’ 
cor | °c OF 9c"9 9 £0°9 
9° 9°¢ oe ces os LOF 
sco 83 83 rel 0% 80S 
£9 ol 06 C U9 ou’ 
FOL 6 Ocl 06 Tl'8 
Te le sii ce 00°9 L9°¢ 
6s rL'S 0's L’T 8S'e € 
sisal pelle + OS LI CSTI 
asia ; ict i 69°I one 
re 3 oe 63'S Ut 89°0 0o'T 
OF Ce 88'S ae | Ys's 6o9 
| pulnqojs | purnqos p urming > ALN eo teat 
opnesd Oe [Boe] - 





(urajoid snoipAque jo swei3 OO] 10d swei3 se passaidxa senjea Ty) 
sutaj}oid y]IW paziuZo00e1 1aq}0 pue H[IW YIIM SUOT}IeIJ Ula}01d suvIquIeUI-}ey ay} 
JO 3U9}U09 auTDA[Z pue suI}sAd ‘ploe stwWeINIZ ‘proe OUIWe [eI}UaSSe 94} JO UOSIIedWIOD YW 


T ATaVL 


JO juauos 


2% 


UdFOszIU [WNQDV » 
81 SONIBA GANjpesayy], pus [eyueumedxy p 
41Uy] Aq Peliodes senjea [Ryueuedxy , 





) UaTOIJIN 


outuoady y, 


outuBlpelAuayg 
""FUTUOTY IO 








“QuIsA'] 
satis aurone] 


@ULINI[OS] 


“OUrptyst 


"DIIB DUBIN L 





juaNnjIWsU0H 


ene dulvAT) 


“ouryss.) 
““OUlULsIy 
































455 J. R. BRUNNER, C. W. DUNCAN, AND G. M. TROUT 


An interesting comparison between the 2 membrane-protein preparations is attained 
through the calculation of their minimum molecular weights as based on the number 
of amino acid residues contained in the protein. The data used to make the (M min.) 
calculations are presented in Table 2. The calculated (M min.) values of 47,332 and 
72,010 for the membrane-proteins of nonhomogenized and homogenized milk, respee 
tively, represent average values obtained for 13 amino acids. 


DISCUSSION 

Isolation of the fat-membrane proteins. The question arises relative to 
the purity of the isolated protein preparations. The nitrogen values for 
washed cream reported in Figure 2 show that subsequent to the third 
washing practically all of the plasma protein has been diluted out of the 
system, because additional washings failed to lower the nitrogen/fat ratio. 
These data are not only in general agreement with those reported by 
Jack and Dahle (11), but also demonstrate the existence of a significant 
difference in the fat/protein relationship between nonhomogenized and 
homogenized milk. The proteins which were recovered from the washed 
cream after 6 washings were considered to consist only of protein material 
closely associated with the fat globule surface. 
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Figure 2. The effect of successive washings on the total nitrogent content of cream 
from nonhomogenized and homogenized milk. 
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No pretense is made, however, to infer that the proteins remaining on 
the fat globule, following 6 washings with warm waver (50° to 55°C.), are 
representative, either qualitatively or quantitatively, of the proteins orig- 
inally absorbed on, or associated with, the fat globule surface in nonho- 
mogenized and homogenized milk. Palmer (2/) has pointed out that the 
agitation and dilution effect involved in the washing of cream probably 
washes off all but the most tenaciously absorbed materials from the fat 
surfaces. Furthermore, the effect of the ethanol-ether treatment, neces- 
sary for the separation and removal of lipid materials, on the nature of 
the isolated proteins is not clearly understood at the present time. Nev- 
ertheless, the scheme for isolating fat-membrane proteins, as outlined 
herein, was the most satisfactory method obtained for preparing relatively 
lipid-free, fat-membrane proteins of high quality of the several methods 
employed. 

Amino acid composition of fat-membrane proteins. (ur present knowl- 
edge of the fat-membrane of nonhomogenized milk does not indicate clearly 
whether it is composed of a single protein or a mixture of proteins. Pro- 
vided there was but a single protein component, then, the compositional 
data presented in Table 1 furnish significant information coneerning the 
characteristics of the membrane-protein. If, on the other hand, the mem- 
brane is composed of a mixture of proteins, as may be the situation in the 
fat-membrane of homogenized milk, compositional data serve only a limited 
value. Their primary usefulness is to furnish data which indicate that the 
protein preparations isolated from nonhomogenized and homogenized milk 
differ in over-all composition. Significant differences would indicate that 
the normal membrane equilibrium had been altered by the homogenization 
process. In this respect the amino acid data show significant differences in 
the concentration of cystine, glycine, glutamie acid, and tryptophan be- 
tween the membrane-proteins of nonhomogenized and homogenized milk ; 
therefore, the assumption has been made that one or more of the protein 
components of the milk plasma had been absorbed on the newly created 
fat surfaces of homogenized milk. 

With regard to the limitations already mentioned the calculated molee- 
ular weights presented in Table 2 become valid only upon the condition 
that the analyses were made on single proteins. If the fat-membrane pro- 
tein of the nonhomogenized milk is a specific protein, then the calculated 
molecular weight for this material is of some value. Conversely, the 
calculated value for the membrane-proteins of homogenized milk is of 
little value since the probability is that the fat membrane is composed of 
a mixture of plasma proteins, absorbed during the homogenization process. 

A certain degree of reliability has been added to the amino acid values 
presented in Table 1 by the recent report of Hare et al. (9) who, using the 
method of Olsen (20) for the isolation of phospholipid materials in milk, 
reported the concentration of 16 amino acids in the fat-globule membrane 
protein. Their data were obtained also by standard microbiological pro 
cedures and are partially tabulated in Table 1 for comparative purposes 
With the exception of histidine, isoleucine, and tryptophan, the concen- 
tration of the other amino acids in the fat-membrane protein(s) isolated 
by them and in the membrane protein of nonhomogenized milk reported 
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TABLE 2 


The number of amino acid residues in the fat-membrane proteins prepared by 
cold ethanol-ether extraction 


| Fat- ‘membrane proteins obtained from 
: 
| 








— Homo; genized i milk 


oe a... 


Nonhomogenized milk 




















a ‘a Moles per | Molar ratio Mole sper | Molar ratio 
Yield 10° ¢g when tryp- | 10° ¢g | when tryp- 
protein tophan= | Yield | pacn tophan = 
(%) | (%) | 
Arginine................ a 40.1 19 | 586 | 33.7 | 24 
I ecccSsssiciivvnneccicicrncseicenl 12.5 6 | 0.68 | 5.7 4 
a esate ntammice’ | 3.76 50.1 24 1.69 22.5 16 
Glutamie acid................ i 87.4 | 41 | 17.80 | 121.0 90 
BU IBCIA IC, ..000sccevssesensrese0 vo : 19.5 | 9 | 3.28 | 21.2 15 
Isoleucine... 43.3 20 | 6.00 45.8 33 
Leucine......... 66.4 31 | 922 | 70.3 50 
Lysine... | 40.5 19 | 7.54 | 51.6 37 
Methionine = | 14.0 | 7 | 2.20 | 14.8 1] 
Phenyl: alanine. cick ad ciehdedealt | 4.97 | 30.1 14 | 4.51 | 27.3 | 20 
cies sssscnenivapesicntientnel 6.03 50.6 24 5,68 | 47.7 | 34 
IN ca césetrnesvenssscossapsnned 1.72 | 8.4 4 |} 1.14 5.6 | 4 
Valine... siticsggicted 5.65 | 48.3 23 «| «5.50 | 470 | 34 
OS ee Dy aes | evase |... em | 72,010 


in this study are of the same order. The existing discrepancies could con- 
ceivably arise from numerous sources, but probably constitute errors in 
methodology. Nitrogen values are of the same order and suggest that the 
fat-membrane protein preparations were similar to the materials isolated 
by Hattori (10) and Palmer et al. (23, 38). The compositional agreement 
between the 2 samples of fat-membrane protein prepared by different meth- 
ods and from milk produced in different sections of the country strengthens 
the proposition that the fat-membrane protein of normal milk is highly 
specific. 
SUMMARY AND CONCLUSIONS 


A procedure for isolating fat-membrane proteins from nonhomogenized 
and homogenized milk has been presented. 

The microbiological assay for the essential amino acids, glutamie acid, 
eystine, and glycine in the fat-membrane protein of nonhomogenized and 
homogenized milk demonstrated material increases in the concentration of 
lysine and glutamie acid and marked decreases in the concentration of 
tryptophan, cystine, and glycine in the fat-membrane protein of homog- 
enized milk. These differences in the amino acid composition indicate that 
the character of the fat-membrane protein of milk is changed as a result 
of homogenization and, further, that the main protein constituents of the 
milk plasma form a large percentage of the membrane-protein complex in 
homogenized milk. 
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THE FAT-GLOBULE MEMBRANE OF NONHOMOGENIZED AND 
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Il. DIFFERENCES IN THE ELECTROPHORETIC PATTERNS 
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Several investigations have been made to study the cataphoretie charac- 
teristics of fat globules whose electrokinetic mobility is determined largely 
by the nature of the material closely associated with the fat globule. Mohr 
and Brockmann (8) found the isoelectric point of fat globules in an acetate 
buffer to be about pH 4.3. They were not able to detect any change in the 
isoelectric point as a result of pasteurization or homogenization. North and 
Sommer (11), using streaming potential measurements, determined the iso- 
electric point of fat globules to be about pH 4.3. Moyer (9) reported the 
isoelectric point of fat globules isolated from washed cream and normal 
milk to be pH 3.8 and 4.6, respectively. This observation indicated that 
some of the membrane material had been lost in the washing process. Dunk- 
ley and Sommer (4) reported an isoelectric point range of pH 4.3 to 4.5 
for the normal fat globules of milk. 

Jack and Dahle (5, 6) and Dahle and Jack (3) determined the iso- 
electric point of normal fat globules in a 1:200 dilution to be pH 4.3. 
Their data indicated a slight increase in the electrokinetic mobility for 
homogenized milk fat, ¢.e., 2.53 u/sec./v./em. for normal fat and 2.65 for 
homogenized fat. They found that the isoelectric point of milk fat that 
had been re-emulsified in a phospholipid sol to be about pH 2.0—the iso- 
electric point of phospholipid—-whereas the addition of a casein sol, lactose, 
and salts shifted the isoelectric point toward that obtained for normal 
fat globules. From these data, they postulated the presence of a double- 
layer membrane on the surface of the fat globule, consisting of phos- 
pholipid and protein. Their studies represent the major portion of the 
experimental evidence which is available to show the effect of homogeni- 
zation of the electrokinetic mobility of fat globules. 

There are no data available, however, showing the electrokinetic char- 
acteristics of isolated membrane-proteins and only comparatively few elec- 
trophoretic studies have been made to characterize specifically the normal 
protein complement of milk. 

In previous papers (1, 2), the similarities and differences in the amino 
acid composition of the fat-membrane proteins isolated from non-homogen- 
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ized and homogenized milk were reported. The purpose of this paper is to 
report the apparent difference between the Schlieren patterns of the fat- 
membrane proteins isolated from homogenized and nonhomogenized milk. 


EXPERIMENTAL PROCEDURE 


The fat-globule membrane proteins used in this study were a part of the same 
protein preparations reported previously (2). 

The electrophoretic characteristics of the lyophilized fat-membrane proteins were 
studied with the aid of the Perkin-Elmer, Model 38, Tiselius electrophoresis apparatus 
described by Moore and White (10). The principle of its operation is based on Longs- 
worth’s scanning modification of the Toepler-Schlieren method. A Tiselius-type cell 
with a capacity of 2 ml. and a cross-sectional area of 0.3 sq. em. was used to hold the 
protein solution in which the moving boundaries of the various protein components 
were formed. 

Solutions of the fat-membrane proteins were prepared for electrophoresis by adding 
exactly 0.1 g. of the lyophilized sample to 10 ml. of the desired buffer in a stoppered 
test tube. The contents of the tube were mixed and allowed to stand for approximately 
24 hr. at 18°C. The protein-buffer solution was transferred to a cellophane sae and 
dialyzed with continuous agitation against 600 ml. of the buffer, maintained at 5°C. 
for 6 hr., to obtain constant conductivity on both sides of the cellophane membrane. 
The protein buffer solution was then centrifuged at 2,000 r.p.m. for approximately 
1 hr. A portion of the supernatant was used for electrophoresis at 1.2°C. The concen- 
tration of the fat-membrane protein in the equilibrated solution was based on nitrogen 
values of 12.20 and 12.30% for nonhomogenized and homogenized milk membrane-pro- 
teins, respectively. Nitrogen was determined by a standard micro-Kjeldahl technique. 

The membrane-protein samples were characterized electrophoretically in the follow- 
ing buffer systems: glycine-HCl, pH 1.5; phosphate, pH 6.5; veronal-citrate, pH 8.0; 
ammonia-HCl, pH 9.0; and veronal-ethylamine, pH 10.8. The buffers were calculated 
to be approximately 0.1 ionic strength. 

The slight opacity of the homogenized milk membrane-protein solutions made it 
necessary to use Kodak Super Panchro-Press, type B, film to record the electrophoretic 
patterns. All other patterns were recorded with Kodak Contrast Process Panchromatic 
film.© The photographie plates were retouched to remove evidence of opalesecence and 
light streaking and improve the clarity of the mobility patterns. Precautions were 
taken, however, not to distort the dimensions of the original patterns. 


RESULTS 


Electrophoretic mobility patterns for the cold ethanol-ether extracted fat-membrane 
proteins in the selected pH and buffer media are illustrated in Figure 1. Both the 
ascending and descending mobility patterns are shown. The calculated mobilities and 
relative areas of the migrating boundaries which are shown in the deseending-channel 
patterns in Figure 1 are tabulated in Table 1. Because of the preliminary nature of 
this study and the uncertainty of the location or existence of a so-called ‘‘ false bound- 
ary,’’ the data presented in Table 1 have not been corrected according to the reecom- 
mendations of Longsworth, Curtis, and Pembroke (7). In lieu of these corrections the 
descending-channel measurements offer the better values for making mobility calcula- 
tions. The peak designators used in Table 1 are similar to those used in Figure 1 and 
do not represent, necessarily, the same component in all of the electrophoretic patterns. 

Where good electrophoretic resolution of the protein components occurred, 2 and 
sometimes 3 prominent and distinct peaks were observed in the electrophoretic patterns 
of the fat-membrane proteins prepared from nonhomogenized milk. These data are 
representative of the normal fat-membrane proteins. Similarly, the patterns from the 
homogenized fat-membrane proteins showed 3 or 4 distinct peaks. In most instances, 
however, there appeared to be a distinct difference in the basic characteristics of the 
electrophoretic patterns of the fat-membrane proteins prepared from nonhomogenized 
and homogenized milk. 


*Mention of products of commerce in Food Research does not imply indorsement 
over other products of the same nature. 
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4800 sec.; 10.4 volts cm”, concentration 0.26% 4000 sec.; 10.3 volts cm”; concentration 058% 











PH 108; Veronal - Ethylomine Buffer 


Figure 1. Electrophoretic mobility patterns of the fat-membrane protein(s) of non- 
homogenized and homogenized milk in various buffers and pH levels. 


DISCUSSION 
The individual characteristics of the mobility patterns of the two pro- 
tein preparations vary sufficiently to assume that their constituent protein 
components likewise vary. Conceivably, the protein components appearing 

















“SOLLUPUNO O8[8Z BIQISSO 
“Arepunog [Vylul wmo1y pense e 
*[ Oandty Ul uMOYs Syved Jo UOMEUFISeq p 









































8 gore #80 oe cee ¢ 
9 FES set € #8°0 3£L'0 1 8 SFO re 98°0 PFO = si = t 
t ou'e O6'T IZ Yo'F Ls'l I el oF Olt rd es Te cys 6L°0 t 
6g 6e'9 9S £9 rae ro Ore cs Les ees &3 6F'e F0'L re 
IF os'9 oss 93 LL'¢ e's ree 669 ess 13 89"9 Ite oF OFF lel I 
yrs ye 4I!a peziuasowo py = 
g 20'1 ss" | 3 OL'T 060 cas a ae ae 
3 oo'e ost | | ¢ est oro | 69)0)|— Ske -— | ¢ 
| Oot Ire CoG 99 Is"t 0fs oe 69 ole 6¢ 9's 9c"0) | 3 
£6 rL¢ L8G | Te La°¢ oes , TF ¥0'F COL T 
Ala pezruaZomoyuon 
oe fs (—) . = (-) . | (-) | » | 
%¥ n woop | %Y n wop | Vv n wp | Vv n wop | Vv n uo p 
| -| | —,| aeiek 
ou mentite jews eA | fe) ut roan Vv | ental: eA ae A ' # | bo . 5 ay! 1D | ted 





(10 = /J) weisds szagng 








fot x * 


-—* 


‘90s § "md — (n) Ajriqom] “I en31y ut uMoys suszazzed AQrIqow 213010qGd01}9919 |auUeYI-ZuIpuedsap 
84} Wl} PIUIWI9}Ep S¥ S1ayNq SsNoriea ur Sjuauodwos Ule}01d suRIquIEUI-}¥J JO vale SeZE}UEIJEd VAtjEIal PUe ‘SatzITIGoWw ‘se.UeISIP UOT}EIZI 


t ATa&VL 











FAT-GLOBULE MEMBRANE OF MILK. II. 467 


in the mobility patterns of the membrane proteins from nonhomogenized 
milk could have been masked or their relative prominence occluded in the 
mobility patterns of the homogenized membrane proteins. Such a condition 
could arise easily as a result of the diluting effect of newly adsorbed pro- 
tein components on the newly created surface of homogenized milk fat. 
Thus, the 3 or 4 protein components observed in the mobility patterns of 
homogenized fat-membrane proteins could be adsorbed proteins which were 
not representative of any of the protein components observed in the mobil- 
itv patterns of the nonhomogenized fat-membrane proteins. 

The authors have not used the data presented herein in an attempt to 
aid in the identification of protein systems studied. This possibility has 
been avoided, primarily, because of the preliminary nature of the reported 
data and of the unique character of the protein systems under study. They 
do not represent the normal milk protein complement as one finds in milk, 
skimmilk, whey or solution of purified proteins. Consequently, the authors 
believe that a direct comparison with the existing electrophoretic data at 
this time might prejudice a subsequent attempt to identify the protein 
components at a time when the experimental conditions are more favorable. 
However, it is conceivable to expect that all of the milk plasma proteins 
are capable of being adsorbed on the fat-globule surface and probably 
were adsorbed on the newly created fat surfaces in homogenized milk. 

The opacity observed in the dialyzed membrane-protein solutions of 
homogenized milk, on several occasions, resulted in partially under-exposed 
‘‘Sehlieren’’ electrophoretic patterns. This defect has been observed by 
Longsworth et al. (7) in blood serum and was attributed to the incomplete 
extraction of lipid material from the serum. Tobias, Whitney, and Tracy 
(14) showed that skimmilk with a fat content of 0.1% absorbed so much 
light that electrophoretic ‘‘Schlieren’’ photography became quite difficult. 
In the experiments reported here the maximum light absorption preceded 
the main component on the descending patterns and followed the main 
component on the ascending patterns. This observation may or may not 
indicate that the lipid material present in the protein-buffer solution was 
closely associated with the main protein component. Tobias ef al. (14) 
fixed the boundary between the over-exposed and under-exposed portion 
of the photographie film at the B-lactoglobulin boundary in the electro- 
phoretie mobility patterns of skimmilk at pH 6.8 and 8.7. 

In many of the electrophoretic ‘‘Schlieren’’ patterns shown in Figure 1 
the major protein components appear to be complexes or closely associated 
proteins of quite similar electrophoretic characteristics. The possibility 
for the existence of milk protein complexes, both naturally occurring and 
those produced as a result of processing treatments, has been suggested by 
Stanley, Whitnah, and Andrews (13), Tobias, Whitney, and Tracy (15), 
and Slatter and Van Winkle (12). 


SUMMARY AND CONCLUSION 


Ascending and descending electrophoretic mobility patterns are re- 
ported for the fat-membrane proteins prepared from nonhomogenized and 
homogenized milk in the following buffer systems: glyeine-HCl, pH 1.5; 
phosphate, pH 6.5; veronal-citrate, pH 8.0; ammonia-IHICl, pH 9.0; veronal- 
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ethyl-amine, pH 10.8. Values for the electrophoretic mobilities and rela- 
tive areas of the component peaks in the descending-channel patterns were 
calculated. 

Generally, one to 3 components were observed in the nonhomogenized 
fat-membrane proteins, whereas 2 to, possibly, 4 components of different 
electrophoretic characteristics were observed in the homogenized fat-mem- 
brane proteins. 

No positive identification of these components was attempted from the 
existing electrophoretic evidence, but quite conceivably, the protein com- 
plement of the fat-membrane of homogenized milk is composed of adsorbed 
milk plasma proteins in addition to its normal complement of the fat- 
membrane protein complex. 


Acknowledgment 


The authors are indebted to Dr. 8S. Djang for the electrophoretic analyses. 


LITERATURE CITED 

1. BkuNNeR, J. R., DuNcAN, C. W., AND Trout, G. M. Isolation and compositional 
characterization of the fat-membrane proteins of nonhomogenized and homog 
enized milk. J. Dairy Sci., 35, 486 (1952). 

2. Brunner, J. R., Duncan, C. W., AND Trout, G. M. The fat-globule membrane of 
nonhomogenized and homogenized milk. I. The isolation and amino acid com 
position of the fat-membrane proteins. Food Research, 18, 454 (1953). 

3. Dane, C. D., AND Jack, E. L. The electrokinetic potential of milk fat. II. Rela 
tion to dairy processes. J. Dairy Sci., 20, 605-610 (1937). 

4. DunkLey, W. L., AND Sommer, H. H. The Creaming of Milk. Wis. Agr. Expt. Sta. 
Research Bull. 151 (1944). 

5. Jack, E. L., AND DanLE, C. D. The electrokinetic potential of milk fat. Il. General 
electrophoretic studies. J. Dairy Sei., 20, 551-556 (1937). 

6. Jack, E. L., anpD Danie, C. D. The electrokinetic potential of milk fat. III. Rela 
tion to the fat globule ‘‘membrane.’’ J. Dairy Sci., 20, 637-643 (1937). 

. Lonaswortu, L. C., Curtis, R. M., anD Pemproke, R. H., Jr. The electrophoretic 
analysis of maternal and fetal plasmas and sera. J. Clin. Invest., 24, 46-55 
(1945). 

8. Monr, W., AND BrocKMANN, C. Kataphoreses von Kuhmilch. Milehw. Forsch., 11, 

211-217 (1930). 

9. Moyer, L. 8. Electrokinetic aspects of surface chemistry. VIII. The composition 
of the surface film on the fat droplets in cream. J. Biol. Chem., 133, 29-38 
(1940). 

10. Moors, D. H., AND Wire, J. U. A new compact Tiselius electrophoresis apparatus. 
Rev. Sci. Instruments, 19, 700-706 (1948). 

11. Norru, G. C., AND Sommer, H. H. Electrokinetics in relation to dairy phenomena. 
I. Theory and method. J. Dairy Sci., 18, 21-43 (1935). 

12. Suarrer, W. L., AND VAN WINKLE, Q. An electrophoretic study of the protein in 
skimmilk. J. Dairy Sci., 35, 1083-1093 (1952). 

13. Stantey, W. G., Wuirnan, C. H., AND ANDREws, A. C. Electrophoresis of milk 
proteins. II. Some effects of methods of preparation on the electrophoretic 
patterns of whey proteins. J. Dairy Sci., 34, 265-272 (1951). 

14. Topras, J.. Wiirney, R. M., anp Tracy, P. H. Electrophoresis of milk proteins. 
I. Preparation of samples of skimmilk for electrophoretic studies. J. Dairy 
Sci., 35, 1026-1035 (1952). 

5. Tostas, J.. Wuitney, R. M., anp Tracy, P. H. Electrophoresis of milk proteins. 
II. Effect of heating to 300°F. by means of the Mallory small-tube heat ex- 
changer on skimmilk proteins. J. Dairy Sci., 35, 1036-1045 (1952). 


_ 











THE FAT-GLOBULE MEMBRANE OF NONHOMOGENIZED AND 
HOMOGENIZED MILK. 


Ill. DIFFERENCES IN THE SEDIMENTATION DIAGRAMS 
OF THE FAT-MEMBRANE PROTEINS" 


J. R. BRUNNER, C. W. DUNCAN, and G. M. TROUT 
Departments of Dairy and Agricultural Chemistry, Michigan 
Agricultural Experiment Station, East Lansing 
AND 
MAXIME MACKENZIE 


Division of Chemistry, Naval Medical Research Institute, 
Bethesda, Maryland 


(Manuscript received February 13, 1953) 


Samples of the fat-membrane proteins of nonhomogenized and homog- 
enized milk have been isolated and differentiated on the basis of their amino 
acid composition (2) and on the basis of their electrophoretic properties 
(3). Further characterization and resolution of the fat-membrane proteins 
by means of sedimentation in an ultracentrifuge is desirable. 

A limited amount of very carefully compiled sedimentation data are 
available on several of the protein components of normal milk. Svedberg, 
Carpenter, and Carpenter (12, 13), using the sedimentation equilibrium 
method, reported the molecular weight and other physical aspects of the 
Hammersten and the Van Slyke and Baker casein. Pedersen (8) was able 
to demonstrate by ultracentrifugal data that casein-free milk serum con- 
tained three distinct protein components which he designated as a, 8, and y 
protein. The a-component is a substance of low molecular weight isolated 
by Kekwick, the 8-component is the lactoglobulin of Palmer, and the y-com- 
ponent is the protein usually designated as lactoglobulin. Smith (10), by 
similar techniques, observed 2 to 3 components in bovine whey, one of 
which he believed to be lactoglobulin. 

Further ultracentrifugal studies by Pedersen (9) and others (4, 6) 
showed that Palmer’s f-lactoglobulin was homogeneous with a molecular 
weight of about 39,000. Ogston (7) reported sedimentation data for Aschaf- 
fenburg’s (1) sigma-proteose, a protein-like component of the albumin- and 
globulin-free whey. Deutsch (5) reported sedimentation diagrams of whey 
proteins from the milk of several mammals at various times post partum 
These reports, which represent a portion of the sedimentation data avail- 
able on the protein components of milk, illustrate the usefulness of ultra- 
centrifugal data for the purpose of establishing partially the chemical and 
physical identity of the protein complement of milk. 

This paper is concerned with the differentiation of the fat-membrane 
proteins obtained from nonhomogenized and homogenized milk by apply- 
ing the ultracentrifugal sedimentation-velocity method to the respective 
membrane protein solutions. 
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EXPERIMENTAL PROCEDURE 


An electrically driven Model E, Spinco ultracentrifuge, described in detail by 
Smith, Brown, Fishman, and Wilhe'mi (11), was used to obtain the sedimentation dia- 
grams of the fat-membrane proteins of nonhomogenized and homogenized milk. The 
membrane proteins used in this study were procured from the same lots prepared and 
used in previous work (2, 3). 

Solutions of the fat-membrane protein preparations were made to approximately 
2% in veronal-citrate buffer at a pH of 8.0 and an ionic strength of 0.09. Twenty 
liters of buffer were made by dissolving 45 g. of sodium barbital in 2 1. of distilled 
water which was adjusted to pH 8.0 with citric acid. This base solution was diluted 
to 20 1. of buffer solution. 

Although maximum dispersion of the fat-membrane proteins was attained in this 
buffer system, there was a considerable degree of opacity in the solutions. After stand- 
ing for 24 hr. at approximately 10°C., the solutions were centrifuged at room temper- 
ature for 1 hr. at 2,500 r.p.m. in a clinical-type centrifuge to remove the suspended 
protein materials. A portion of each supernatant was saved for the ultracentrifugal 
analysis and a subsequent nitrogen determination. Approximately 0.8 ml. of the pro- 
tein solution was required to fill the analytical cell to the prescribed operating level. A 
rotor speed of 47,660 r.p.m. was arbitrarily chosen for this study. Upon reaching the 
desired speed, the angle of the inclined bar was adjusted to 50°. Sedimentation dia- 
grams were recorded at selected time intervals on Kodak Spectroscopic photographie 
plates (Type 1-D) with the use of a Wratten No. 16 (yellow) filter. Sedimentation 
constants of the recorded diagram peaks were calculated according to the methods of 
Svedberg and Pedersen (14) and were expressed as Svedberg units (Sec. = 820 X 10°); 
uncorrected for solvent effect. 

The percentages of protein in the centrifuged samples were based on nitrogen values 
of 12.20 and 13.30% for nonhomogenized and homogenized milk membrane-proteins, 
respectively. Nitrogen was determined by «a standard micro-Kjeldahl technique. Non- 
protein nitrogen was considered negligible. 


RESULTS 

Sedimentation diagrams for the nonhomogenized (1.41%) and homogenized mem- 
brane-protein (1.83%) solutions are shown in Figures 1 and 2, respectively. The sedi- 
mentation diagrams of the fat-membrane protein from nonhomogenized milk showed one 
principal component of quite homogeneous nature, Sx» = 7.3. There was some indica 
tion of a small amount of slightly heavier material which became quite diffuse after 
49 min. of centrifugation with no further resolution occurring. Similar sedimentation 
diagrams for the fat-membrane protein of homogenized milk showed that there were 
3 distinct, and possibly a fourth protein component present. Two of the components, 
peak 2, Sx == 8.2, and peak 3, So = 4.4, which were present in low concentration moved 
to the bottom of the analytical cell fairly rapidly. The main component, peak 1. 
So == 2.2, moved through the cell rather slowly and was followed by a much slower 
moving component, peak 4, which was manifested as a very diffuse pattern in the 
sedimentation diagram. 


DISCUSSION 


The sedimentation diagrams of the fat-membrane proteins of nonho- 
mogenized and homogenized milk show distinct differences in protein com- 
plement, as do their electrophoretic patterns (3). Since sedimentation and 
electrophoretic characteristics are dependent upon different properties of 
the protein, the data presented herein may further support the conjecture 
that the homogenized fat globule has been induced to adsorb proteins other 
than those occurring normally on the fat-globule membrane. 

The primary boundary in the sedimentation diagram of nonhomogenized 
milk membrane-protein was characterized by a sedimentation velocity of 
7.3 Svedbergs. The sedimentation velocity of the predominant boundary in 
the homogenized milk membrane-protein was 2.2 Svedbergs. The remain- 
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Figure 1. Sedimentation-velocity diagrams for the fat-membrane proteins obtained 
from nonhomogenized milk. Concentration, 1.41% in veronal-citrate buffer at pH 8.0 
and ionic strength of 0.09; angle of bar to the slit image, 50°; average temperature, 
23.7°C.; speed, 47,660 r.p.m.; time interval after exposure A, B 20 min., C 32 min., 
D = 49 min., E = 65 min., and F 81 min, 


ing boundaries in the sedimentation diagram of the homogenized milk 
sample had sedimentation values of 8.2 and 4.4 Svedbergs. These obser- 
vations indicate that the major protein constituent of the fat membrane 
of nonhomogenized milk was not recovered in the protein preparation from 
its homogenized counterpart. However, the apparent absence of the normal 
fat-membrane protein may quite conceivably be explained on the basis of 
a dilution effect, since the fat surface is increased approximately 5-fold by 
homogenization, or on the basis of physical and/or chemical alteration of 
the protein constituents as a result of homogenization. Differences arising 
as a result of alterations in the physical-chemical properties due to pas- 
teurization must be excluded since both membrane-preparations were iso- 
lated from milk obtained from the same lot of pasteurized milk. Never- 
theless, the pasteurization process may partially obscure the identity of the 
protein components appearing in the sedimentation diagrams, thus making 
uncertain a direct comparison with the sedimentation values of recognized 


milk proteins. 

Sedimentation values reported in the literature for various milk pro- 
teins offer some clue to the nature of the adsorbed fat-membrane protein. 
Sedimentation values approximating 7 Svedbergs have been reported for 
the classical lactoglobulin (5, 8, 10). Sedimentation constants ranging from 
3 to 23 Svedbergs, depending upon the conditions of the experiment and 
the treatment of the milk sample, have been reported for the casein frac- 
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Figure 2. Sedimentation-velocity diagrams for the fat-membrane proteins obtained 
from homogenized milk. Concentration, 1.83% in veronal-citrate buffer at pH 8.0 and 
ionic strength of 0.09; angle of bar to the slit image, 50°; average temperature, 22.6°C.; 
speed, 47,660 r.p.m.; time interval after exposure A, B 16 min., C 40 min., D = 
57 min., E = 174 min., and F 222 min. 


tion of the milk proteins (8, 12, 13). The £-lactoglobulin of Palmer has 
been characterized ultracentrifugally and has been assigned sedimentation 
values ranging between 2.8 and 3.2 Svedbergs (5, 8, 9). Kekwick isolated 
a protein component from whey which was characterized by sedimentation 
constants ranging between 1 and 2 Svedbergs (5, 8). In addition to these 
major protein constituents of milk, Ogston (7) has reported sedimentation 
values of 2.8 and 1.0 for 2 components of a minor protein complex which 
was isolated from whey by Aschaffenburg (1). Because of the relationship 
of the determined sedimentation values to experimental conditions, a direct 
comparison of the sedimentation values reported in this study with the 
sedimentation values for the protein constituents reported in the literature 
must be provisional. 

By making a liberal interpretation of the existing sedimentation data 
the normal fat-membrane protein (Fig. 1) might be classified as lactoglob- 
ulin. The sedimentation value of component No. 1 (S,, == 2.2), apparent 
in the sedimentation diagram for the homogenized milk membrane-protein 
(Fig. 2), agrees very favorably with the sedimentation value of the whey 
protein isolated by Kekwick (8). In the same material, component No. 2 
(S59 == 8.0) could be a casein or a fraction of the casein complex. The 
possibility exists that this component may represent the milk lactoglobulin 
which has been altered by the effect of homogenization. The sedimentation 
value for component No. 3 (S,, == 4.4) does not compare closely with any 








FAT-GLOBULE MEMBRANE OF MILK, III, 473 


of the reported sedimentation values for the classical milk proteins. Con- 
ceivably, this boundary might represent Palmer’s -lactoglobulin, altered 
as a result of homogenization and/or adsorption at the fat surface. Then, 
there is the possibility that 2 of the slower moving components, namely, 
Kekwick’s whey protein and/or #-lactoglobulin, may have complexed with 
the faster moving lactoglobulin or casein. The slow moving component 
(No. 4, S,, == diffuse), which is vaguely apparent in the sedimentation 
diagrams of the homogenized milk membrane-protein, could be the minor 
protein reported by Aschaffenburg (/). The occurrence of this component 
on the resurfaced fat in homogenized milk would be expected on the basis 
of its reported high surface activity. 


SUMMARY AND CONCLUSIONS 

Ultracentrifugal sedimentation-velocity diagrams for the fat-membrane 
proteins of nonhomogenized and homogenized milk in veronal-citrate buf- 
fer at pH 8.0 and an ionic strength of 0.09 are reported. Sedimentation 
values for the protein components are expressed in Svedberg’s (Syo°c. 
So» X 10). 

The sedimentation diagrams show one principal and fairly homogenous 
protein component (S., 7.3) in the fat-membrane protein preparation 
of nonhomogenized milk, whereas three (S.5 2.2, 8.2, and 4.4) compo- 
nents and possibly one of lower concentration and mobility were detected 
in the fat-membrane proteins of homogenized milk. 

The protein complement of the fat-globule membrane of milk is altered 
by homogenization. 

The fat-membrane protein was classified provisionally as lactoglobuiin 
or a protein of globulin-like nature. 

The proteins which constitute the adsorbed proteins in homogenized 
milk were identified provisionally as casein, Kekwick’s whey-protein, and 
an altered lactoglobulin, B-lactoglobulin or a complex of 2 or more of the 
constituent proteins. 
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That ascorbic acid may play a significant role in the red color de- 
terioration of fruit juices was first pointed out by Beattie, Wheeler, and 
Pederson (2) and by Pederson, Beattie, and Stotz (6) who observed par- 
allel losses of ascorbic acid and anthocyanins during storage. The best 
correlation between ascorbic acid and red color losses was obtained with 
strawberry juice. Pederson and coworkers postulated that an interaction be- 
tween ascorbic acid and anthocyanins may occur. Similar observations and 
conclusions were reported by Nebesky, Esselen, MeConnel, and Fellers (5). 

The availability of crystalline pelargonidin 3-monoglucoside isolated 
from strawberries (10) prompted us to study these interactions in simpli- 
fied artificial systems as well as in strawberry juice. In the presence of 
ascorbic acid, maximum anthocyanin destruction was observed under those 
conditions which favor the aerobie oxidation of ascorbie acid. 


EXPERIMENTAL 


Pelargonidin 3-monoglucoside chloride was obtained by a previously described pro 
eedure (10). The anthocyanin picrate was recrystallized six times from hot dilute 
pierie acid solution before conversion to the chloride. The model systems contained 
28 mg. pigment per 100 ml. of Sorensen’s disodium citrate-hydrochlorie acid buffer of 
pH 3.40. The strawberry juice used in these experiments was expressed from Dresden 
strawberries grown at Geneva, N. Y., during the 1950 season. This juice had a pH of 
3.4 and an aseorbie acid and anthocyanin content of 49 mg. and 23 mg. per 100 ml., 
respectively. All samples were heated to 90°C., and held for 5 minutes in order to 
expel most of the dissolved gases. The solutions which were to be held under essen 
tially anaerobic conditions were rapidly poured into 2-dram (7.39 ml.) screw capped 
vials, leaving no headspace. They were cooled in a 30°C. constant-temperature bath 
and sealed with paraffin wax. In experiments where a fairly constant air supply was 
desired, 50 ml. of solution in a 250-ml. volumetric flask was shaken continuously in an 
automatic shaker in which the temperature could be controlled. 

Anthocyanin losses were followed by a previously described method (9) based on the 
difference in absorption at 500 mu produced by a change in pH from 3.4 to 2.0. Ascorbic 
acid was determined by the method of Robinson and Stotz (7) which involves oxidation 
by indophenol under specific conditions. The above authors warn against the possible 
interference of sulfhydryl] compounds in the ascorbic acid determination. We found that 
thiourea does tend to give high ascorbie acid values but that the error is small if the 
thiourea content does not exceed 0.1% and the excess indicator is extracted rapidly. 


RESULTS AND DISCUSSION 
Data on the rate of anthocyanin destruction in aerobic model systems 


are presented in Figure 1. Pigment destruction in solutions containing 
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no ascorbic acid was very slow, curve A, Figure 1. However, on the addi- 
tion of ascorbie acid a rapid color loss ensued which was accompanied by 
rapid ascorbic acid oxidation, curves B and Bb,, respectively. That this 
color loss is related to the rate of ascorbic acid oridation was demonstrated 
in two ways. 

I. In anaerobie systems containing 50 mg. ascorbic acid per 100 ml., 
the anthocyanin loss was not significantly different from that observed in 
aerated solutions containing no ascorbie acid. After storage at 30° for 
160 hours the pigment losses were 6% and 4%, respectively. Therefore, 
when lack of oxygen is inhibiting the ascorbic acid oxidation no demon- 
strable anthocyanin deterioration can be attributed to the ascorbic acid. 
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Figure 1. Pigment and ascorbic acid retention in model systems at 30°C. in the 
presence of air. Legend: A - = pigment retention in systems centaining no 
ascorbic acid. B © O = pigment retention in systems containing 50 mg. ascorbic 











acid per 100 ml. C X Xx pigment retention in systems containing 50 mg. as- 
corbic acid per 100 ml. and 100 mg. thiourea per 100 ml. B,. O----©O = ascorbic 
acid retention in systems containing 50 mg. ascorbic acid per 100 ml. C, @----@® = 


ascorbic acid retention in systems containing 50 mg. ascorbic acid per 100 ml. and 100 
mg. thiourea per 100 ml. 


II. Thiourea is a metal-complexing agent which has previously been 
used to decrease the rate of cuprie ion-catalyzed, aerobie oxidation of 
ascorbie acid (4). Thiourea in the absence of ascorbic acid has no demon- 
strable effect on the rate of pigment destruction. Although no cuprie ions 
were added to our systems, they may be assumed present in trace quanti- 
ties as impurities. Barron, De Meio, and Klemperer (/) had to resort to 
extremely stringent purification techniques to remove the last traces of cop- 
per before oxygen-stable ascorbic acid solution could be prepared. From 
curves C and C, it may be seen that the addition of thiourea not only de- 
ereased the rate of ascorbie acid oxidation, but also decelerated the rate of 
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anthocyanin destruction. From this it is concluded that the rate of antho- 
cyanin loss is influenced by the rate of ascorbie acid oxidation. 

It has been demonstrated that hydrogen peroxide is formed during the 
cupric ion-catalyzed aerobic oxidation of ascorbie acid (3, 8) and that 
hydrogen peroxide, even in low concentrations, can oxidize pelargonidin 
3-monoglucoside into less intensely colored compounds (1/7). It appears 
likely therefore that hydrogen peroxide, or related substances, may be in 
part responsible for the loss of anthocyanin under the conditions of these 
experiments. That other factors are also involved is indicated by the 
continued, albeit slower, rate of loss of anthocyanin even after all the 
ascorbic acid has been oxidized. 

The same relation between the rates of ascorbic acid oxidation and 
anthocyanin destruction in the presence of air could be demonstrated with 
strawberry juice as with model systems. These results are presented in 
Figure 2. The addition of 0.1% thiourea decreased the rate of ascorbic 
acid oxidation and slowed the rate of pigment decolorization. 

Other workers have shown that headspace has an undesirable effect on 
the stability of the red pigments of strawberry juice. By comparing curve 
B, Figure 2 and curve B, Figure 3, it may be seen that our experiments 
confirm this observation. Our results indicate that color loss is not due to 
a direct oxidation of the pigment by air since pelargonidin 3-monoglucoside 
is fairly stable at a pH of 3.4 when shaken with air. However, when as- 
corbie acid is added to the above system, a rapid decolorization occurs. It 
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Figure 2. Pigment and ascorbic acid retention in strawberry juice at 30°C. in the 
presence of air. Legend: A X x == pigment retention in juice containing 49 mg. 
ascorbic acid per 100 ml. and 100 mg. per 100 ml. thiourea. B - = pigment 
retention in juice containing 49 mg. ascorbic acid per 100 ml. without thiourea. A, 
x —---- X = ascorbic acid retention in juice containing 49 mg. ascorbic acid per 100 
ml, and 100 mg. thiourea per 100 ml. B,; ------ ascorbic acid retention in juice 
containing 49 mg. ascorbic acid per 100 ml. without thiourea. 
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Figure 3. Pigment retention in model systems and strawberry juice at 30°C. in 
the absence of air. Legend: A = pigment retention in model systems, © O no 
ascorbic acid, 50 mg. of ascorbic acid per 100 ml. B = pigment retention 
in strawberry juice, A A no added thiourea; - - 100 mg. thiourea per 100 ml. 














is therefore likely that the harmful effect of headspace on color stability 
in strawberry juice may be attributed largely to the oxidation of ascorbic 
acid. 

In experiments conducted with model systems and strawberry juice in 
the absence of air, the relation between ascorbic acid and anthocyanin 
losses is more difficult to evaluate. With model experiments no evidence 
for ascorbic acid-induced, anaerobic color loss was obtained, curve A, Fig- 
ure 3. Similarly, in the absence of air, the rate of pigment destruction in 
strawberry juice to which thiourea had been added was not significantly 
different from that found in juice containing no added thiourea, curve B, 
Figure 3. It is noteworthy though that in strawberry juice the anthocyanin 
is destroyed at a much more rapid rate than in the model systems in spite 
of the fact that the ascorbic acid content and pH are identical in the 2 
systems. This is shown in Figure 3. It seems probable that in the absence 
of air pigment destruction in strawberry juice proceeds primarily by yet 
unknown mechanisms not involving ascorbic acid. 


SUMMARY 

Evidence is presented for an indirect ascorbic acid-induced destruction 
of the anthocyanin pelargonidin 3-monoglucoside. Conditions which de- 
crease the rate of the oxidation of ascorbie acid, lack of oxygen and the 
addition of thiourea, also decelerate the rate of anthocyanin destruction. 
Hydrogen peroxide, or related substances, are believed to play a significant 
role in this process. 

The ascorbic acid-induced pigment destruction is believed to explain the 
harmful effect of headspace on pigment stability in strawberry products. 
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While searching for an explanation of the effect of pressure in pro- 
moting translucency in macaroni dises, Fifield, Smith, and Hayes (3) 
determined the moisture content of pressed and unpressed discs. These 
workers noted that the pressed discs turned a golden brown while the 
unpressed discs were unchanged in color. Fifield et al. attributed this 
change to caramelization of dextrins formed from the starch by partial 
hydrolysis induced by pressure. Pressed dises suffered less moisture loss 
during heating. 

Later work carried out in our own laboratory showed that there is a 
direct relation between pressure intensity and color development as well 
as between ; ressure and moisture content of macaroni dises. Figure 1 
provides information on the effect of various pressures on moisture con- 
tent as influenced by sodium chloride, acetic acid, and a wetting agent. 
Increase in pressure generally tended to reduce loss of moisture, with the 
greatest effect occurring below 3,000 Ibs. Pressure thus appeared to alter 
the bound water relationship of the macaroni dough causing more water 
to be retained when pressure was applied. Sodium chloride was the most 
effective in retaining moisture at all pressures; the other agents employed 
exerted little influence. This difference probably lies in the ionic activity 
of the sodium chloride which affected the water retention of the dise. 

The moisture content of the pressed material was related to browning. 
It was thought at first that the reaction might be enzymatic, probably 
amylolytie, but the addition of amylases to the macaroni dough was with- 
out noticeable effect on the color of the dried dises. It was then surmised 
that a typical browning reaction was taking place, caused by a protein- 
carbohydrate reaction. This paper is the result of a study to ascertain the 
basic causes of this phenomenon. 

Numerous papers have been published on the formation of colored 
compounds by interaction between amino acids and carbohydrates. Hlynka 
(7) and Hlynka and Bass (9) postulated that reducing carbohydrates 
function as cross-linking agents between protein molecules. Increases in 
length of storage period, temperature, and moisture content favored the 
production of reducing groups. Hlynka and Anderson (8) and Hlynka 
and Bass (9) showed that a reaction occurs between proteins and carbo- 
hydrates in flour and dried dough after storage for 6 months. 

Several explanations have been suggested to account for the reaction. 
Halton and Blair (5) and Sullivan et al. (17) thought that disulfide link- 
ages are involved. In wheat, which contains cystine, 2 free thiol groups 
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Figure 1. Effect of pressure and various substances on the moisture content of disc 
macaroni after drying for one hour at 130°C. 


might react with glucose (8, 9, 14). Schubert (15) showed that cysteine 
combined with arabinose, glucose, mannose, and lactose in a mole-to-mole 
ratio with the elimination of water. 

An alternative method of combination is through a free amino group, 
as suggested by Mohammed, Fraenkel-Conrat, and Oleott (11) from a 
study of the browning reaction of bovine serum albumin in albumin-glu- 
cose solutions. Rate of loss of detectable free amino groups changed from 
1.2% to 0.1% of amino nitrogen in 13 days. 

Hlynka (7) found that acetaldehyde prevents dough deterioration by 
sodium bisulfite when present in a mole ratio of 1 to 24. It will also coun- 
teract the harmful effects of bisulfite when added subsequently to dough. 
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Acetaldehyde has been shown to cause browning of bovine serum albumin 
solutions at a significantly faster rate than glucose |Mohammed, Olcott, 
and Fraenkel-Conrat (12)|. The action is apparently through cross-linking 
with the amino group. 

Formaldehyde prevents browning probably because of linkage with 
primary and secondary amines to yield condensation products (4). Com- 
pounds of this nature have been isolated. Formaldehyde will also react 
with a sulfhydryl group (as in eysteine) to form analogs of acetals or 
hemiacetals. These condensation products are relatively stable. 


EXPERIMENTAL 


Materials and methods. The semolina used for the processing of the dises was a 
composite of standard varieties of durum wheat which were grown at 6 locations in 
North Dakota in 1951. Milling methods have been described by Harris and Sibbitt (6). 

The equipment and technique used for processing and drying the dises have been 
described by Fifield, Smith, and Hayes (3) and Smith et al. (16). The Chapman and 
McFarlane method (1) as modified by Hlynka and Bass (9) was employed to estimate 
the reducing groups in the dried dises. A Beckman Model B spectrophotometer equipped 
with a reflectance attachment was employed to measure objectively color differences 
(light reflection) in the ground dises. Calcium carbonate was used as a reflectance 
standard. 

The oven-dried dises were heated at 130°C. for one hour, then air dried for 48 
hours. Grinding was in a Labeonco set to grind material to pass through a 100-mesh 
sieve. Free amino groups were ascertained by the formol titration employing the modi- 
fication of Oleott, Saperstein, and Blish (13). The end point of the titration was pH 
8.5 as determined with a Beckman pH meter. 


RESULTS AND DISCUSSION 


Effect of Heat and Pressure. Figure 2 shows the effect on color of heating the 
pressed dise (3,000 p.s.i. pressure) and tubular macaroni. Pressure is essential in pro- 
ducing the browning, because cut dises with no pressure applied remained an opaque 
white even after oven drying. 

Figure 3 illustrates the changes in reducing groups and light reflectance that take 
place at different drying temperatures, using a constant press pressure. The effect of 
temperature is quite marked, the greatest change occurring at 130°C. This temperature 
was employed for oven drying in all the following work. 

Table 1 shows the effect of pressure on the formation of reducing groups and on 
light absorption. The latter represents the difference between the absorption of the 


TABLE 1 


Effect of heat, pressure, and glucose on reducing groups” and 
light absorption“ 





af) Glucose added (0.5%) Buewenee | Light 
by heat absorp- 


No glucose 
Ove | - 
=—_ | | Increase +glucose | tion 


Oven 
dried 


Air 
dried 


Pressure | : 


Increase | 


Air 
dried dried 


% 


0 1.54 
1,000 | 1.93 
2,000 | 2.91 
3,000 | 3.14 
4,000 3.17 
5,000 3.21 0.55 2.66 5. 0.65 | 468 | 202 | 37.0 
6,000 | 3.21 | 0.56 2.65 5.33 | 0.65 | 4.68 2.03 37.0 


1.34 3.9: 0.71 3.24 190 | 163 
2.41 5. 0.76 4.38 197 | 28.5 
2.60 | 5. 0.69 | 4.55 195 | 38.0 
0.56 2.61 5.32 | 0.65 | 4.67 2.06 | 37.5 


| 


Iba./aq.in, | | | 
| 0.98 3. | 0.73 3.05 2.07 13.5 
| 

| 
| 





>Expressed as moles KyFe(CN),a X 10°°/gm. (dry basis) in all tables. - 7 - 
¢For discs with added glucose, and represents difference between air- and oven-dried dises in 


this and following tables. 
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Figure 2. Effect of heating at 130°C. for one hour on the color of tubular and disc 
° macaroni. Discs pressed at 3,000 lb. per sq. in. 
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Figure 3. Influence of drying for one hour at different temperatures on reducing 
groups and reflected light. Reducing groups expressed as moles K,Fe(CN), < 10°/gms. 


50 70 


air- and oven-dried dises. Changes in light absorption caused by variations in ingredi 
ents and technique are thus eliminated from the values shown. The reducing values 
doubled with increasing pressure up to 3,000 p.s.i. and then remained constant with 
additional pressure; therefore this pressure was used in later work. This is also the 
approximate pressure at which moisture loss markedly decreased (Figure 1). The val 
ues for the air-dried samples were the same as those of the semolina (0.58) so mixing, 
kneading, pressing, and drying had no effect. Hlynka and Bass (9) obtained similar 
results with hard red spring wheat flour where wetting and air drying for 24 hours 
caused no change in reducing action. 

Table 1 also shows the effect of additions of 0.5% of glucose. As found by others 
(8, 9), glucose increased the formation of reducing groups. The air-dried values were 
slightly higher than those without glucose so apparently some glucose-protein com 
bination was taking place during air drying. By subtracting the corresponding pres 
sure values without glucose from the dises containing the carbohydrate, it was found 
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that glucose effected an average increase of 2.00 X 10° moies of K.Fe(CN). per g. of 
material. Light absorption values increased to 3,000 Ibs. pressure, as did reducing 
groups, then remained approximately constant. Figure 4 shows the pregressive browning 
or darkening of these discs caused by increasing pressure and coneentration of glucose. 
There was little change in color beyond 3,000 lbs. pressure. Glucose increased color 
production even in the unpressed dises. In the pressed dises 0.1% glucose caused little 
appreciable change. The whitish appearance of the 3,000-lb. dise is due to a lighter 
surface on the upper portion, probably produced by the pressing operation. 






GLUCOSE *, 
° 
wa 


0.1 








0 1000 3000 $000 
PRESSURE 


Figure 4. Effect of pressure and glucose concentration on the color of heated 
macaroni discs. 
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The effect of pressure on free amino groups in air-dried discs is shown below (on 


dry basis): 








Material | Pressure — 

lbs./aq. in. | mg./10 g. 
ERR RE bcos bala tshtia de oenineisoanmliciadtensédeaae 0 | 9.5 
Ground dis« emcmicmaeocasie itis cabal adelebicn | 0 9.2 
Ground dis ea “ eer 1,000 12.9 
Ground dis 2,000 12.7 
Ground ise .....................00000+ Tena me ee ae 3,000 11.8 
CP OUINE CIBC sees setsccesinccsccveee . 6,000 11.4 





Pressure caused an approximate increase of 38% in amino groups at 1,000 and 
2,000 p.s.i. and 26% at 3,000 and 6,000 Ibs. As oven drying reduced the solubility of 
the protein a direct comparison of the amino nitrogen changes was impossible between 
air- and oven-dried. 

Effect of acetaldehyde. Table 2 shows that acetaldehyde increased formation of 
reducing groups and light absorption after an initial decrease at 0.3% aldehyde con- 
centration. The effect on reducing groups in the absence of glucose was particularly 
striking at 1.5% of the reagent. Light absorption paralleled reducing group formation. 
Acetaldehyde in the presence of glucose had the greatest effect at 0.9%. The maximum 
color, however, was developed at 1.2% of aldehyde. Light absorption increased with 
acetaldehyde concentration except at 1.5% with glucose. 

Effect of carbohydrates. Wheat and its milled products contain small quantities of 
sugars and starch degradation products. The principal ones are sucrose, glucose (at 
least in the dough), maltose, and dextrin. Since the browning reaction develops without 
the aid of added ingredients, it appeared desirable to determine the carbohydrate 
responsible. Table 3 summarizes this data. The blanks (air-dried dises) with sucrose, 
maltose, and dextrin showed no effect of increasing concentration, while the values for 
glucose increased slightly (0.64 to 0.87). The values shown are the oven-dried minus 
the air-dried dise results. 

TABLE 2 
The influence of acetaldehyde on reducing groups‘ and light absorption 


























Acetaldehyde | No Light Glucose Light | _Tncrease by glucose — 
concentration | glucose abs. added (0.5%) abs. Red. er. ] Light abs. 
% | Red. gr % | Red. gr % | | % 

0 | 204 | 155 | 330 | 265 | 126 | 11.0 
0.3 1.95 | 10.5 4.18 | 30.0 | 2.23 19.5 
0.6 | 2.45 16.5 | 4.65 33.5 | 2.20 17.0 
0.9 | 2.60 17.5 6.60 35.5 4.00 18.0 
1.2 | 2.97 | 24.0 | 6.42 47.0 | 345 | 23.0 
1.5 | 4.66 | 31.5 | 6.53 45.0 | 1.87 | 13.5 


4Values shown are the oven. less air-dried results. 




















TABLE 3 
Effect of added carbohydrates on reducing groups and light absorption 

Sucrose |  Dextrin - - “Malteco ia “Gtecess i? 

Concen- —_____—— — |————<—<$<—<______—__—— | 
tration, Reducing Light Reducing Light Reducing Light | Reducing Light 
% groups abs.,% groups abs..% groups | abs.,% groups abs.,% 
0.0 2.23 13.0 2.27 7.5 2.21 | 105 2.29 12.0 
0.1 2.50 24.0 2.59 16.0 2.26 12.5 2.65 | 29.0 
0.5 2.85 22.7 3.29 | 24.5 3.33 22.0 4.19 | 36.5 
1.0 3.01 22.7 3.25 | 23.0 3.74 27.0 6.31 | 45.0 
1.5 2.93 | 215 3.52 | 28.5 | 4.21 30.5 6.92 | 45.0 
2.0 2.88 20.7 3.76 | 29.0 4.40 33.5 7.66 45.0 
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Sucrose had little if any effect. The method of preparation by acid hydrolysis with 


possible resultant hydrolysis into glucose or 
the effect of dextrin. Maltose showed somewhat more effect than dextrin. Glucose was 
The light absorption values in general corresponded to the reducing 


free carbonyl groups might aceount for 


the most active. 
group results. 
Effect of anti-browning agents. Thirteen percent sodium bisulfite at room tempera- 
ture has been employed to sever the disulphide linkage in wool | Elsworth and Phillips 
forming a free thiol group (R-SH). Therefore, the effect of this substance on 
reducing values was next investigated (Table 4). Any effect of the bisulfite in reducing 


TABLE 4 
Effect of sodium bisulfite on reducing groups and light absorption 


Glucose added (0.59%) Increase 





Concen- | No glucose 

tration |————— we —— - — by heat 

sodium Oven Air In- Light Oven Air In- Light and 
bisulfite | dried dried crease abs. aried dried crease | abs. glucose 
mg.% | Reducing groups Y/, Reducing groupe % Red. gr. 

0 3.06 0.61 2.45 10.5 4.93 38 4.18 | 1.73 

20 3.19 0.76 2.43 13.0 6.08 0.75 2.85 

40 3.64 O.84 2.80 17.0 6.28 0.75 5 | 2.73 

60 4.13 0.92 3.21 19.5 6.54 1.06 | 2.27 

80 4.30 0.95 3.35 24.3 6.79 1.20 5.5 | 2.24 


the ferricyanide would be included in the blank (air-dried). Higher concentrations 
than those used caused too much interference with the Chapman-McFarland method 
and produced difficulty in processing because of slack, sticky dough. It was found that 
sodium bisulfite in the concentrations employed increased slightly the number of redue- 
ing groups and light absorption. Thus, it did not function as an anti-browning agent 
in the drying of macaroni discs, possible because of interfering effects of pressure 
and heat. 

There was a linear relation between bisulfite concentration and reducing value for 
the air-dried discs. Apparently bisulfite had a slight reducing action on the ferricyanide 
used in the determination of reducing groups. A maximum number of redueing groups 
was obtained at 20 mg. % bisulfite in the presence of glucose, followed by a slight 
reduction. The addition of bisulfite may have caused a reduction of cystine to cysteine 
producing reactive -SH groups (2, 4, 17). 

Cysteine hydrochloride has been employed to prevent browning. Since the method 
used for determining reducing groups was standardized with this amino acid, a study 
of its effect on browning seemed worthwhile. When an aqueous solution of eysteine 
hydrochloride or of glucose was evaporated to dryness no color change 
but when they were mixed together and dried a deep brown color developed. Maillard 
(10), earliest of the investigators of browning, noted that reducing sugars and amino 


was observed, 


acids reacted to yield a colored product which he termed melanoidin. 


TABLE 5 
Effect of cysteine hydrochloride on reducing groups and light absorption 


Glucose * Increase 
N Light 





Cys beeen > . loride yr ., ae q ‘ie ae chante m. 20 

Red. or % Red. ar yA Red. gr 

0 in . 4.11 23.0 2.33 11.8 1.78 
0.4 nigiainenbbens pinennnen ‘ 4.26 34.3 2.91 16.7 1.35 
0.8... kisaiaied = i £81 39.5 3.21 bt 1.60 
- a jultsameobrenaennees — 5.93 36.0 3.35 ‘ 2.58 
ic wai gianeieaaica dito 6.66 37.0 51 3.15 
2.0 sis seaaiaatabniininta 6.82 40.5 3.48 3.34 


* Values shown are the oven- less air-dried results. 
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Table 5 summarizes the effect of cysteine on the formation of reducing groups. 
Cysteine had no effect on the air-dried dises. However, the pressed dises showed that 
this substance increased the number of reducing groups until a concentration of 1.6 
X< 10° moles was attained. As the amount of naturally occurring carbohydrate avail- 
able might have been the limiting factor, 0.5% of glucose was added to the mixes. The 
results showed a marked increase in reducing groups, demonstrating that the amino 
acid and the carbohydrate were the principal reactants. 

Cysteine hydrochloride and glucose will combine in equimolar quantities in neutral 
solution forming a compound that has a melting point with decomposition at 167°C 
The compound was prepared by the method proposed by Schubert (15) and tested for 
reducing groups. Table 6 shows that cysteine was most effective if added as a complex 





TABLE 6 
Influence of the cysteine os ni i tia ne on reducing groups 
. Sil i ie: Oven | 7 ~ e. sic nes got 
Complex concentration | dried | dried by heating 
2.36 0.51 1.85 
3.49 1.10 2.39 
5.85 1.87 3.98 
6.11 2.60 3.51 
6.99 3.15 3.84 
7.60 3.97 3.63 





with glucose. The 2.0 X 10° moles concentration of the amino acid (Table 5) corre 
sponds approximately to 0.02 mg. Ye which is 25 times less than the smallest amount 
used of the glucose-cysteine compound. This suggests that more than a single amino 
acid and carbohydrate are involved. The air-dried values showed that the reducing 
action of the compound was linear over the concentration range studied in the absence 
of pressure. Inerease in reducing groups caused by heat reached a maximum at 0.1% 
concentration, 

Effect of enzymatic activity. Preliminary experiments showed that incubation for 
24 hours in a moist atmosphere increased browning in oved-dried discs. To determine 
possible effects of amylolytic or proteolytic activity, purified malt diastase and papain 
were added in various concentrations to the mix, and the reducing values of the discs 
determined as before. The data are presented in Table 7. 

Small concentrations of both enzymes increased the formation of reducing groups 
and light absorption to approximately the same extent. The addition of glucose (0.5%) 
with papain gave an average increase of 142 X 10° moles of KiFe(CN).s, merely an 
additive effect. Glucose also increased light absorption values. 














TABLE 7 
Effect of enzymatic activity ¢ on » reducing ‘groups and light soars 

Malt diastase * . ghar aay P spain ft iia i - <i 

Pupeatere No glucose | Concen | Glucose ose added, 0 59 a No giue ose | Inc. by glucose 
tration, |Reducing Light tration, | Reducing Light |Reducing Light [Reducing Light 
Te groups abs.,% | “a groups abs.,% | groups abs.,% | groups abs. % 

0 2.42 85 | 0 3.99 24.0 | 2.31 8.5 | 1.68 15.5 
0.04 2.84 16.3 | 0.02 4.25 26.5 | 3.03 16.5 | 1.22 10.0 
0.08 3.10 20.0 | 0.04 | 4.77 37.8 | 3.49 21.3 1.28 16.5 
0.16 3.41 20.0 | 0.06 4.97 41.0 | 3.46 20.2 | 151 20.8 
0.32 3.85 26.5 | 0.08 5.15 39.2 | 3.75 24.0 | 1.40 15.2 





1 
t Values shown are the | oven-less air-dried results. 
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Effect of formaldehyde. As has been pointed out formaldehyde prevents the occur 
renee of browning. To ascertain whether it would inhibit the formation of reducing 
groups in macaroni Gises, a semolina dough containing 3% formaldehyde was air dried 
for 48 hours and ground, then remixed and pressed. The following results were obtained: 


Moles K,Fe(CN )¢ 


10-°/gm., 
PIII oscsnt:s cians paniisiasabiesiicieiinehihieabiniinseenebrntkGammanmemnnaeitae 0.22 
Pe a richdscencisanvnnsicccasiaies Ce PCIe n Le eRe [EES SONS ernie s 0.21 
ea III 1 orient nataanaieniotaieineentacende scscdyipinlesibinbelebsnienintandaall 0.17 
Air-dried dies, 0.5% glucose added...............cccccceseeceeeees 0.17 

O15 


Oven-dried dises, 0.57% glucose added.................0:00000 , 


The formaldehyde evidently tied up the 2 reactive groups (-SH, -NHz.) of the 
protein. Identity of the group involved remains for future inquiry. The results from 
other workers (11, 12) and the present findings incline to the amino group. Alkaline 
dispersions of all the ground discs in this study showed no evidence of free -SH, as 
determined by the nitro-prusside test. 

Correlation of disc color with reducing values. Apparently there is a relationship 
between color and reducing groups in oven-dried discs. A correlation of —0.909 was 
obtained between reducing groups and “%e light reflected for 95 samples. Sinee there 
appeared to be variations of color in the air-dried discs due to treatment, the change in 
reflected light (light absorption) between air- and oven-dried dises was correlated 
with the corresponding differences in reducing groups; a coefficient of +0.926 was 
obtained. Figure 5 is a scatter diagram which represents this relationship. The close 
relation between the two series of values is very marked. 


SUMMARY AND CONCLUSIONS 

Heating at 130°C. caused the formation of a characteristic brown color 
in pressed macaroni discs. The depth of color was directly related to the 
degree of pressure below 3,000 p.s.i. Above this pressure, the effect of 
pressure increases became less noticeable. Drying at lower temperatures 
decreased color formation. Heat alone without pressing failed to induce 
browning. 

Pressure also increased reducing groups in the dried dises as well as 
the light absorption. Addition of glucose had the greatest effect, while 
the effects of maltose, dextrin, and sucrose decreased in the above order. 
Acetaldehyde also increased the formation of reducing groups and light 
absorption. Sodium bisulfite, although known in some instances to inhibit 
the production of browning, increased to some extent reducing groups and 
light absorption. Cysteine hydrochloride, particularly when combined with 
glucose, exerted a favorable influence on these reactions. Formaldehyde, 
as would be expected from a knowledge of the literature, prevented the 
reactions, apparently by combining with reactive groups of the protein. 
The identity of the group was not clearly established, although the evi- 
dence tends to indicate amino groups. 

Both proteolytic and amylolytic enzymes increased reducing groups and 
light absorption. 

Color production in pressed macaroni during oven drying is apparently 
related to the formation of reducing compounds between amino acids and 
carbohydrates, possibly through a linkage with the amino groups. An 
alternative linkage might be through sulfhydryl groups of the amino acid. 
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Figure 5. Scatter diagram of reducing groups and light absorption values of mac- 
aroni for 95 discs. Regression of light absorption on reducing groups is also shown. 
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Because Salmonellae have been found in dried eggs, extensive limita- 
tion has been placed on the use of this product in many foods, including 
puddings (7). The research reported herein is concerned with the effect 
of the application of heat in the absence of added acid in destroying micro- 
organisms inoculated into eggs used in puddings and custards. This is the 
second part of a bacteriological study on foods prepared with dried eggs; 
the first part of the study (on cooked salad dressing) has already been 
reported by Kintner and Mangel (6). 

Catheart, Godkin, and Barnett (1) concluded from a study of various 
pastry fillings that the acidity of fruit filling (made with water) checked 
the growth of Staphylococcus. However, they found the use of milk in 
cream fillings supported the growth of this type of bacteria. Catheart, 
Merz, and Ryberg (3) reported that the commercial procedure of bringing 
cream fillings to a boil after the addition of the egg and starch mixture, 
rendered the contaminated filling free from Staphylococcus aureus and 
Salmonella enteritidis. The fillings were tested immediately after cooking. 

A large number of food poisoning outbreaks, traced to Staphylococcus 
contaminated cream filled pastries (4), have indicated that in addition to 
proper heating, prompt cooling and refrigeration are necessary. Dack (5) 
infers the necessity of refrigeration when he states that 5 to 12 hours at 
a suitable temperature, provide an environment for the production of 
Staphylococcus enterotoxin which is responsible for the majority of bae- 
terial food poisoning outbreaks. 

The present study was made to check the influence of temperature and 
sugar concentration on the survival of both Staphylococci and Salmonellae 
experimentally inoculated into dried eggs used in preparing custards and 
puddings. The prepared dishes were held under aseptic conditions for 
varying periods of time to see whether viable micro-organisms remained 
after storage at either room or refrigerator temperature. 


EXPERIMENTAL 
The dried eggs used in this part of the study were from the same lot as those 
described in the previous study (6). The seven species of Salmonella” were: Salmonella 
typhimurium, Salmonella enteritidis, Salmonella pullorum No. 19, Salmonella gallinarum, 





*Journal Series Paper No. 1358, approved for publication by the Director of the 
Missouri Agricultural Experiment Station. 

"Cultures of bacteria used were obtained from the Bacteriology Department of the 
University of Missouri Medical School and from Dr. Philip Edwards of the Publie 
Health Service, Chamblee, Georgia. 
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Salmonella choleraesuis, Salmonella orienburg, and Salmonella anatum. A food poison- 


ing strain of Micrococcus pyogenes var. aureus (Staphylococcus aureus) was also used. 

Basic formulae. In order to obtain vanilla, butterscotch, and chocolate puddings 
which were typical in flavor and texture, various recipes were tested until a good basic 
formula for each type of product was obtained. The dried eggs were reconstituted, 
using 12 g. with 30 ml. of water as equivalent to one fresh egg, and were used within 
fifteen minutes after reconstitution. Temperatures were recorded for the starch, sugar, 
milk mixture after cooking 12 minutes, then the egg suspensions were added and the 
time and temperatures were recorded as soon as the mixture had thickened. In the 
vanilla puddings, the sugar was increased to produce products of 18 and 25% sugar 
concentration. The basic custard recipe was employed for both the stirred and baked 
custards. For the stirred custard the cold ingredients were combined and cooked over 
boiling water. The length of cooking time was recorded. For baked custard, the cold 
ingredients were combined and baked at 325°F. The formulae used as bases for prep 
aration of the experimental puddings and custards are reported in Table 1. 


TABLE 1 
Basic formulae 
‘ | Drie | Ve. | Choco 
| — Water | Milk | Sugar! Salt a | eieea ery Butter | — 
9. ml, mil, g. g- | ml, g. g. g. y 
Vanilla pudding 
12% sugar 12 30 $88 66 1 | 4 16 
18% sugar 12 30 $88 | 100 | 1 | 4 16 
25% sugar 12 30 488 | 150 | 1 4 16 | 
Chocolate pudding 12 30 $88 100 1 } 16 |} 28 
Butterscotch ‘‘ 12 30 610 l 4 24 132 13 
Custard | 
Stirred 24 | 60 488 50 0.5 4 
Baked 24 60 $88 50 0.5 4 


Procedure. The puddings and custards were prepared using proportions and quanti- 
ties of the basic formulae, substituting 15 ml. of broth-bacteria culture for 15 ml. of 
water in the reconstitution of each 12 g. of dried egg. The starch mixture of the pud- 
ding was cooked in the top of the double boiler for 12 minutes, to a temperature of 
92-98°C. The reconstituted dried egg was then added and cooked for one-half minute, 
until a temperature of 78-86°C. was obtained. The stirred custards were cooked in 
the top of a double boiler from 5 to 6 minutes to a temperature of 91-93°C. The 
custards were baked for 45 minutes at 325°F. At this stage an internal temperature of 
approximately 91°C. was reached. All cooked puddings and custards were held at room 


temperature for varying times. Duplicate samples of some of the puddings were held 


refrigerated. 

Media and method of plating. As soon as the puddings and custards were made, 
samples were removed and placed in sterilized flasks. Transfers were made immediately 
and after 1, 2, 3, 4, and 24 hours from the products held at room temperature and 
after 24 hours from those held at refrigerator temperature. Bacto-Tryptose agar 
(Difeo) plates were used to check for growth of Staphylococci. SS (Shigella-Salmo- 
nella) agar (Difco) plates were used to check for possible Salmonella growth. All 
plates were incubated at 37°C. for 24 hours. If bacterial colonies were present, they 
If growth occurred on the SS plates, rep 


were identified by growth characteristics. 
slants to further 


resentative colonies were transferred to Kligler’s iron agar (Difeo) 
indicate the possible presence of Salmonella. 


RESULTS AND DISCUSSION 
The viability of the bacteria in the puddings and custards prepared 
with experimentally inoculated dried eggs is recorded in Table 2. The 
chocolate pudding (containing 16% sugar) showed growth of Staphylo- 








TABLE 2 


Viability of bacteria inoculated into dried eggs used in preparing 
puddings and custards 


| Plate growth of 























Hours Puddi | Castend 
Test held at | — —_ 
organisms room | Vanilla 
temper- | ; Choco Butter- 
ature | 12% 18% 25% late scotch Stirred Baked 
| sugar sugar sugar 
| 
6.59 pH | 6.64 pH |6.64 pH | 6.39 pH | 6.40 pH 6.71 pH 
Staphylococcus 0 _ - |- _ — | on ae 
aureus } 1 — _ | — —_ —_ = - 
| > — -— ae fe ead = 
3 _ — — une ste sine 
4 a — | } — _ - 
24 — _ | _ + - = - 
Salmonella 0 — —_ ~ sala a es a 
typhimurium 1 — —- | - — — as 
9 one _— | ~~ a ie _— 
3 ~~ = | sa a ee ee 
4 — — | _ _ _ | — - 
24 _ _ | sins i - | - 
Salmonella 0 — —- | — in a ion » 
enteritidis 1 — — asia = ae - 
2 oe ae: ee an aa = ne 
3 - ae | — - _ oa 
4 — — ;o— — _ — — 
24 ae a ae - i = = 
+ 
Salmonella 0 _ _ me a om = a 
gallinarum 1 _— — — _ _ aa — 
2 an a nats a i = ad 
3 si -_ a - sil — a 
4 son -_ én a a = = 
24 _ -- a — — —_ — 
Salmonella 0 — _ —_ ae we = os 
pullorum as = — _ = me - 
o — am am a aie a = 
No. 19 3 — _ _ oe wet in = 
4 om = a — ~~ = - 
24 + _ _ _ _ = ne 
Salmonella 0 — — oa fade ee ie an 
choleraesuis 1 _- — — 4 ree S si 
2 _ _ _ — | — = - 
3 ~ = = - |= = ps 
4 — — — _ — | oi _ 
24 = — ee = 
| | 
Salmonella 0 _ —e me oe | a = = 
orienburg 1 — _ i — ho - - 
» —_ — _ onl | ca as - 
3 _ _ -_ seth | aul _ 
4 _ -- | — -- . — 
24 + - | } —-| - - 
Salmonella 0 _ _ = - | = wer = 
anatum 1 —_ _ —_ one | ie ae sa 
° | = | 
| ~ - se } 7 - - 
| 3 — 
| 4 | a * _ ‘a 
| 24 _ | | ‘ 
Control | 0 - | - . | om ais _ 
] . oe ' 
9 i 4 : 
4 = 








STAPHYLOCOCCI] AND SALMONELLAE IN DRIED EGG 495 


coccus aureus after being held for 4 as well as after 24 hours at room 
temperature. Growth of Salmonella pullorum and Salmonella orienburg 
occurred in puddings made using the 12% sugar-vanilla formulae, and 
growth of Salmonella enteritidis occurred in an 18% sugar-vanilla pud- 
ding after holding for 24 hours at room temperature. No growth occurred 
in these puddings with shorter storage periods. None of the 25% sugar- 
vanilla puddings or butterscotch puddings (18% sugar) showed viable 
bacteria after even 24 hours’ storage at room temperature. No bacterial 
growth occurred in any of the puddings held for 24 hours at refrigerator 
temperature. 

Catheart and Merz (2) reported that in chocolate and cocoa puddings, 
growth of Staphylococcus aureus was inhibited, due to a lowered pH. A\l- 
though the chocolate puddings prepared in this study had lower pllL’s, 
with a mean of 6.39, than the butterscotch and vanilla puddings, no 
inhibiting effect was observed. It is postulated that the use of a formulae 
relatively high in milk and eggs provides a medium in which the micro- 
organisms are more resistant to the effect of the acidity of chocolate. Tan- 
ner has stated (8) that sugar does not exert a preservative effect until the 
concentration reaches 25 g. in 100 ml. Sinee only one pudding in this 
series contained as much as 25% sugar, no conclusions as to the preserva- 
tive effect of sugar in puddings are drawn from this study. 

Apparently, under the conditions of this experiment, the heat treat- 
ment used in the preparation of the puddings was effective in reducing the 
number of micro-organisms to a minimum. No evidence of growth of the 
organisms was obtained in 3 hours or less at room temperature. The identi- 
fication of the inoculated micro-organisms in 4 puddings held for longer 
periods at room temperatures demonstrates that these products, unlike the 
acid salad dressings, provide a favorable medium for growth. 

There was no variation in the formula used in the stirred and baked 
custards. At the rate of heating used in this experiment, one cup of stirred 
custard made from dried eggs was just thickened in 5 to 6 minutes. The 
temperature reached at the thickening point for both stirred and baked 
custards was 91-93°C. The thickening temperatures at other rates of heat- 
ing were not determined. Findings of this experiment suggest that the 
temperature used to thicken the dried eggs in custards was sufficient to 
destroy all pathogenic bacteria inoculated into the dried eggs. 

Results of this experiment seem to indicate that the recommendation 
for the limitation placed by the U.S.D.A. Bulletin No. 136 (7) on the 
use of dried eggs in cream puddings and fillings and soft custards might 
well be given further consideration. 

No bacterial growth occurred in any of the vaked custards which had 
been inoculated before cooking. The results of this study on baked eustard 
supported the previous report (7) that this is a safe way to use dried eggs. 


CONCLUSIONS 


Minimum temperature for thickening egg, 78-86°C., does not destroy all 
bacteria inoculated into the dried egg in these puddings. However, under 
the conditions of this experiment the number of micro-organisms was re- 
duced to a minimum and the growth was inhibited in all cases for at least 
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3 hours. These puddings, like all other cream puddings or fillings may be 
potentially dangerous if contaminated egg, either fresh, frozen or dried, 
is used. Prompt refrigeration minimizes this danger. 

At the temperature, 91-95°C., used in the preparation of the stirred 
and baked custards in this experiment, none of the inoculated bacteria 


remained viable. 

Danger of food poisoning from the use of contaminated eggs in such 
products as puddings and custards would appear to be remote if these 
products are adequately heated and refrigerated. It is particularly im- 
portant to avoid contamination after cooking since these products, unlike 
the acid salad dressings, do provide a favorable medium for bacterial 


growth. 
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A COMPARISON OF THE RETENTION OF VITAMIN A IN 
MARGARINES AND IN BUTTERS BASED UPON 
BIOASSAYS 
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University of Southern California, Los Angeles, Calif. 


(Manuscript received February 16, 1953) 


Vitamin A is quite resistant to destruction, especially when stored 
under such inert gases as nitrogen or carbon dioxide. In the presence of 
air, vitamin A is oxidized to biologically inactive compounds; this rate 
of breakdown is accelerated when the air is bubbled through the vitamin 
A-containing solution. The speed of destruction is also increased by aug- 
mented temperatures. Vitamin A can likewise be destroyed by exposure 
of its solution to ultraviolet light. In fact, one method for the estimation 
of the vitamin A content of fats involves the determination of the extent 
of absorption at 328 mp before and after exposure of the test solution to 
ultraviolet light having the wave-length (8); the resulting difference in 
extinction value represents the proportion of the absorption attributable 
to vitamin A. 

Studies on the resistance of vitamin A to destruction during storage in 
the case of fats are quite limited. Brence and Nelson (2) reported only 
slight changes in the vitamin A and carotene values of butters stored for 
75 or 180 days at 0°F.(—18°C.) or for 30 or 60 days at 40°F.(4°C.). 
Murray and co-workers (7) noted that the average vitamin A content of 
margarine samples produced by the 10 manufacturers supplying 97.5% 
of the total margarine in Canada was 4,062 I.U./100 g. (18,500 I.U./lb.). 
The above samples were obtained from retail sources, and represented 
varying periods of storage. In a recent study carried out by Melnick et al. 
(6), it was shown that both vitamin A and carotene are remarkably stable 
(97-98% retention) in margarine when stored at 45°F.(7°C.) for a period 
blanketing the shelf life of the product. A somewhat increased rate of 
destruction was recorded when the margarines were stored at 75°F.(24°C.) 
in which a retention of more than 90% was found after one month. In all 
of the above tests, physicochemical methods of proven reliability (4, 5) 
were employed for the estimation of the vitamin A and carotene. 

In the present report, a study was made of the speed at which vita- 
min A is lost from margarines and from butters, as affected by storage 
under temperatures favorable for the retention of vitamin A, or in an 
environment which might be expected to be decidedly unfavorable for 
the preservation of the fat-soluble vitamins. In these studies, the results 
were obtained by bioassay procedures. 


“This work was carried out under research grants from The National Association of 


Margarine Manufacturers. 
"Contribution No. 329 of the Department of Biochemistry and Nutrition, University 


of Southern California, Los Angeles, Calif. 
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EXPERIMENTAL 


The investigations of vitamin A retention in margarines and butters were made on 
samples of the products of different margarine manufacturers. They were picked up 
from the regular production lines by disinterested individuals and were shipped by 
express to the laboratory. The samples were thereafter listed under a code letter known 
only to the investigators, and the results are so reported in the present communication. 
The following brands are included in the studies: Armour and Co. (Mayflower); The 
Best Foods, Ine. (Nucoa); Cudahy Packing Co. (Delrich); Jelke Co. (Good Luck); 
Kraft Foods Co. (Parkay); Shedd-Partush Co. (Keyko); Standard Brands (Blue Bon- 
net); and Swift and Co. (Allsweet). In each case the authors were informed as to 
what type of vitamin A was being used at the time at which the samples were obtained. 

Three of the butter samples were obtained from a creamery operated at LaCrosse, 
Wisconsin, by Swift and Co. Samples 9 and 10 were from predominantly Holstein 
herds, and were low in carotene, while sample 23 was from a Guernsey herd, and was 
high in carotene. Sample 24 was a California butter churned locally. Artificial coloring 
yas not present in any samples. The butters were obtained at a time when the cows 
were on green pasture. The samples from Wisconsin were forwarded to the laboratory 
in sealed, iced containers. 

Samples of margarine and butter, suitably labeled, were stored in their original 
wrappers as follows: (a) in a commercial cold-storage warehouse at approximately 
14°F.(—10°C.) for 2 years; (b) at the Hancock Foundation, in a cold room which was 
maintained at approximately 41°F.(5°C.); (e) in an ineubator kept at 64°F.(18°C.); 
and (d) in a heated room which had a temperature of approximately 82°F.(28°C.) 
during the day, with somewhat lower temperatures during the night. The latter samples 
were stored for various periods before bioassay in a cold room at 41°F.(5°C.). 

It was the original plan of the investigation to follow *‘e change in the vitamin A 
content of the several samples at frequent intervals by spec.rophotometrie assay, mak- 
ing spot checks by means of bioassay. For these chemical tests, the floridin technic of 
Awapara et al. (1) was employed. Although satisfactory values could be obtained by 
this procedure with fresh margarines, no satisfactory correlation was possible for the 
samples which had been stored over long periods of time, and in which a considerable 
destruction of the vitamin A had been noted. Beeause of the uncertainty of the inter- 
pretation of these studies, only the results of bioassays are reported here. 

The bioassays were carried out by the U.S.P. XIII method, using vitamin A refer- 
ence cod-liver oil as a standard for the assays carried on during 1946 and 1947, while 
reference vitamin A acetate was employed for the tests performed in 1948. In the first 
series of tests with reference cod-liver oil, the standard was fed at 1.5 and 2.5 I.U. per 
day while, in the last tests, vitamin A acetate was given in daily dosages of 1.25 and 
2.25 1.U. Since 2 different samples of reference vitamin A were used for the bioassays, 
a factor was established by biological assay and used to equate the results of the earlier 
tests with those obtained on the vitamin A acetate. In some cases multiple-level bio- 
assays were carried out with the test fats. However, in most instances, the results were 
determined from single-level tests. The dosages of margarines or of butters in these 
cases were at levels calculated as approximately midway between the dosages of the 
standards. The fats fed were mixtures of the whole melted product rather than the fat 
alone. Negative control groups were used in all tests. Calculation of the vitamin A 
content in the unknown samples was made by the method of Coward (3). 


RESULTS AND DISCUSSION 

A summary of the bioassays on 8 brands of margarines before and 
after storage over different periods and at several temperatures is given 
in Table 1, while Table 2 records similar data for samples of 4 different 
butters. 

The vitamin A content of the original samples of the 8 margarines 
assaved averaged 42.9 U.S.P. units per g., which exceeds that declared on 
the label (15,000 U.S.P. units per Ib. or 33.0 U.S.P. units per g.) by 9.9 
units per g., or by 30%. Seven of the & samples had a potency exceeding 
33.0 units per g. 
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In the samples assayed after being stored for 2 years at 14°F., the 
average vitamin A was 35.4 units per g. (+7.3% over declared potency) ; 
7 of the 8 samples exceeded that declared on the label. After storage at 
41°F. for 52 to 60 weeks, 6 of the 8 samples of margarine had a potency 
exceeding 33.0 units per g.; the average vitamin A content was 34.7 units 
per g., or 5% in excess of the declared value. 

When the margarines were stored at room temperature for 4 months 
(17 weeks), the vitamin A exceeded the declared potency in 6 of the 8 
brands. After storage under similar conditions for 45 weeks, the vitamin 
A content was reduced to a low value; however, in 4 of the 8 brands 
tested, the vitamin A content at this time was still within 13% of the 
declared potency. 

When the margarines were stored at 82°F., all of the 3 samples an- 
alyzed after 6 weeks, and both of the 2 samples assayed after 15 weeks, 
contained vitamin A in excess of their declared potencies. In the samples 
stored for 21 weeks, only one of the 3 samples had a vitamin A content in 
excess of the declared potency. Finally, none of the brands subjected to 
the 82°F. storage for 41 weeks had a vitamin A content of as much as 33 
units per g. 

The efficiency of retention of vitamin A is more satisfactory in some 
margarines than in others. For example, vitamin A was retained especially 
well in samples 2 and 4. On the other hand, in the case of sample 6, not 
only was the amount of vitamin A lowest in the original material of any 
brand tested, but it was destroyed to a greater degree than in other brands 
in all cases in which the product was stored, except in the sample stored 
at 14°F. for one year. 

In the case of the butters, 3 of the 4 samples had a high initial vitamin 
A content. This was expected since the products were so-called ‘‘summer’’ 
butter obtained when the cows were in green pasture. The average vita- 
min A value was initially 55.5 U.S.P. units per g.; the mean value after 
the 2-year storage period at 14°F. was 44.2 units, and that after storage 
for 52 to 60 weeks at 41°F. was 47.7 units per g. 

In the tests made at 64°F., 2 of the 4 samples exhibited a marked fall 
in vitamin A after 17 weeks, while 3 of the 4 samples stored for 41 weeks 
at 64°F. had too low a vitamin A content to be determined at the level 
tested. The results on the butters subjected to 82°F. were quite similar 
to those obtained at 64°F. 

A better evaluation of the stability, on storage, of vitamin A in mar- 
garines, as related to the type of vitamin A used for supplementation, 
is given by comparison of the percentage changes in potency from the 
original value. This affords a method for comparison with the data on 
butter. This information is summarized in Table 3. 

No marked differences obtain between the proportion of vitamin A 
retained after different periods of storage, irrespective of whether the 
vitamin A supplement was added as the alcohol, as the distilled esters, 
or as the natural esters. The proportion of vitamin A retained in the 
butter samples paralleled that in the margarines. However, in the sam- 
ples assayed after storage at 64°F. for 45 weeks, the results on butters 
were decidedly inferior to those on margarines. Whereas a mean value of 
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53% of the original vitamin A was still present in the margarines at that 
time, a figure considerably under 45% was noted for the butters. Three 
of the 4 samples of butter had such a low vitamin A content that the 
gain-in-weight of the rats was too far below that of the animals on the 
standard to be caleulated. In these 3 tests, the vitamin A was simply 
listed as ‘‘less than 40%,’’ it may have approached 0. In arriving at an 
average of 45°, the figures used in these cases were calculated as 40%. 

It should also be noted that the margarines stored for as long as 45 
weeks at 64°F, remained sweet, and were found to be appetizing when 
consumed by members of our laboratory staff. In fact, none of the sam- 
ples were objectionable in flavor or odor, even after prolonged storage. 
The butters stored at 64°F. proved to be completely unappetizing after 
several weeks, due to the development of rancidity. 


SUMMARY 

1. The vitamin A retention in margarine was, on an average, in excess 
of 75% of the original content, after storage for 2 years at 14°F.(—10°C.), 
for 52 to 60 weeks at 41°F .(5°C.), for 17 weeks at 64°F. (18°C.), and for 
as long as 15 weeks at 82°F.(28°C.). 

2. The vitamin A content in the margarines exceeded 15,000 U.S.P. 
units per Ib. (33 units per g.) in the following samples of different brands 
tested: original samples, 7 of 8; 14°F. (2 years), 7 of 8; 41°F. (52 to 60 
weeks), 6 of 8; 64°F. (17 weeks) 6 of 8; 82°F. (6 weeks), 3 of 3; and 
82°F. (15 weeks), 2 of 2. 

3. No differences were noted in the retention of vitamin A in marga- 
rines, irrespective of whether the vitamin added was in the form of the 
aleohol, the distilled esters, or the natural esters. 

4. The average original vitamin A content of the 8 margarines was 
42.9 units per g. 

5. The original vitamin A levels in the 4 summer butter samples aver- 
aged 55.5 U.S.P. units per g. 

6. The percentage of vitamin A retention of butters undergoing storage 
at the several temperatures was usually slightly less than in the marga- 
rines. This was particularly true in samples stored at 64°F. for 45 weeks. 
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Deuel and Greenberg (2) have reported on the comparative stability 
of vitamin A in margarines and in summer butters based upon bioassay 
findings. These studies involved holding the products at various tem- 
peratures for extended periods of time. The conclusion was justified that 
vitamin A retention in margarine was highly satisfactory, being some- 
what better than that noted in comparable tests conducted on the summer 
butters. 

The long holding periods of one to 2 years at refrigeration temper- 
atures are of practical value in the case of butters but of only academic 
interest insofar as margarines are concerned. Margarines are seldom of 
more than 3 months of age, since supply is adjustable to demand for the 
product. The Deuel-Greenberg study was of necessity limited to a rela- 
tively small number of samples, 8 margarines and 4 butters. Biological 
assays are time-consuming and costly, and, considering the large number 
of assays conducted on the fresh and stored samples, the number of test 
products had to be restricted. 

In the present study, an evaluation of the stability of vitamin A in 
margarine was carried out using physico-chemical assay methods of dem- 
onstrated reliability (3, 4, 5, 6). With the non-biological test procedures, 
a large number of samples could be and were assayed. Only illustrative 
data are herewith reported; these blanket operations are over a 11-year 
period of margarine production in 3 plants and are sufficient in number 
to permit broad generalizations. Interest is centered in the present study 
on the retention of vitamin A in margarine during the shelf life of 
the product under practical conditions of storage. Attention is given to 
the retention of both forms of vitamin A, the preformed vitamin and 
provitamin-carotene. 

EXPERIMENTAL 

As a routine control on the vitamin A fortification of margarine manufactured 
on a commercial seale, tests are conducted daily on the product by non-biological assay 
procedures of demonstrated reliability (4, 5). These tests involve assays of the forti 
fied oils, covering a full day’s production of white and yellow margarine, and of 
samples of each of the final products. In addition, 2 samples of each type of product 
are stored each month at 45°F. for a period of 3 months and the assays are then 
repeated. These holding tests blanket the shelf life of the product and give a reliable 
practical picture of the stability of vitamin A in margarine. For these tests the 
corresponding unfortified margarine oils are similarly stored. These are used to correct 
the spectrophotometric measurements for the presence of irrelevant light absorbing 


materials. 
In Table 1 are listed the results obtained in testing 36 different samples of uncol 
ored margarine before and after storage at 45°F. These samples cover the production 
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TABLE 1 


Retention of vitamin A in uncolored margarine during storage of the 
product over a period blanketing shelf life 


Vitamin A content 





Loss of 
Production * Fresh After 3 vitamin A 
product — at during storage 
Year Month USP wnits per Ib. of margarine 
1951 April 16,700 16,700 0 
17,200 17,000 200 
March 17,200 17,000 200 
16,600 16,600 0 
February 17,200 16,600 600 
. 17,200 17,500 0 
January 18,000 18,000 0 
‘ 17.500 17,500 0 
1950 December 17,200 17,200 ) 
17.000 17,200 0 
November 17,000 16,600 100 
17,000 16,700 200 
October 17,400 17,400 0 
17,400 17,200 "00 
September 16,800 16,800 0 
17.200 16,200 1,000 
August 16,800 16,200 600 
16.700 16.400 300 
July 17,400 16,600 S00 
16,600 16,600 0 
June 16,800 16,600 200 
16,400 16,600 0 
May 16,200 16,200 0 
15,800 15,700 100 
April 15,000 15,700 0 
16,400 16,400 0 
March 16,700 16,000 TOO 
16,700 15,500 1,200 
February 17,000 16,400 600 
16.700 15,800 900 
January 16,000 15,300 700 
17,200 16,700 500 
1949 December 16.700 16,000 700 
17,500 17,200 300 
November 17,300 17,000 300 
16,700 16,400 300 
I vice innitanaeninnindniees . 
Standard deviation...................... acta eae +340 





*Non-selected illustrative data accumulated in controlling the vitamin A fortification of uncol 
ored margarine produced in Plant 


of one plant during a period of 18 months just prior to the writing of this report. 
Thirty-six samples of yellow margarine were also analyzed before and after storage. 
The results of analyses of the yellow margarine, listed in Table 2, permit an evaluation 
of the stability in margarine of not only preformed vitamin A but also of carotene 
(provitamin A). 

From the data in both Tables 1 and 2 it may be seen that vitamin A as such or 
as the provitamin is very stable in margarine when properly stored (at 45°F.) for a 
period blanketing the shelf life of the product. The loss of 2 to 3% of vitamin A or 
carotene is negligible and is more than compensated for by the overage in fortification. 
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TABLE 2 


Retention of vitamin A and carotene in yellow margarine during storage of the 
product over a period blanketing shelf life 





Vitamin A content Loss of vitamin A 
Preformed vitamin A Carotene during storage 
Production © l cae peer 
product | months at | prea, months at Vitamin A | Carotene 
Year Month USP units per Ib. of margarine 
1951 April 11,200 11,200 6,600 6,500 0 100 
| 11,700 11,500 7,200 7,000 200 200 
March 10,500 10,400 6,300 6,300 100 0 
10,800 10,800 7,400 7,200 0 200 
| February | 11,900 | 11,700 6,300 6,300 200 0 
| 11,000 | 10,800 6,400 6,000 200 400 
| January 11,200 11,200 6,600 6,500 0 100 
11,000 | 10,600 6,700 6,500 400 200 
1950 December 11,700 11,500 | 6,800 | 6,500 200 300 
11,300 11,700 6,700 6,500 0 200 
| November 11,000 | 10,800 | 6,900 6,300 200 600 
11,700 | 11,000 6,600 6,500 700 100 
| October 11,700 11,300 | 6,800 6,700 400 100 
| 11,700 11,300 | 6,500 6,500 400 0 
| September 11,200 10,600 | 6,600 6,200 600 400 
j 11,500 11,200 6,500 | 6,300 300 200 
| August 11,200 10,600 7,000 6,800 600 200 
11,900 11,000 | 7,200 7,300 | 900 0 
| July | 10,600 | 10,800 6,500 6,000 | 0 500 
| 10,600 | 11,000 6,600 6,300 0 300 
June 11,700 | 12,600 6,600 6,600 0 0 
| 10,600 | 11,200 | 6,700 6,600 | 0 100 
May 10,300 10,200 6,900 6,800 100 100 
| 10,300 | 10,300 | 6,900 6,700 0 200 
April | 11,300 | 11,000 | 6,800 6,600 300 200 
| | 10,600 | 10,500 | 6,900 6,600 | 100 300 
| March 10,200 | 10,800 6,900 6,400 | 0 500 
| 10,600 11,000 6,800 6,600 | 0 200 
February 11,900 | 12,200 7,300 6,900 | 0 400 
11,500 | 11,700 | 6,900 6,800 | 0 100 
| January 10,500 | 10,300 | 6,800 6,600 | 200 2000 
11,200 | 10,500 5,900 6,100 | 700 0 
| ! = 
1949 | December | 10,200 | 9,900 6,500 6,400 | 300 100 
10,600 | 10,300 6,600 6,400 | 300 200 
| November 11,200 | 11,300 5,500 5,500 | 200 0 
| 10,500 10,200 6,800 6,600 | 300 200 
RD icnntticnadetcinkeuesssborcenienenscecsss . 219 191 
+240 +157 





Standard deviation 


© Non-selected illustrative data 
margarine produced in Plant B. 
& 


accumulated in controlling the vitamin A fortification of yellow 


That the results obtained with the production from one plant are typical of what is 
produced as a whole, is shown by the data presented in Table 3 covering the production 
from 3 plants located in 3 different parts of the country. 

Unfortunately margarine is not always stored in the refrigerator. In some retail 
outlets the product may be held at room temperature for a number of weeks prior to 
sale. In Table 4 are presented the results of a study on the stability of vitamin A and 
carotene in margarines held under abusive storage conditions, i.e., one month at 75°F. 
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TABLE 3 
Summation of stability studies of vitamin A and carotene in margarines produced in 
Different plants over a period of 18 months 


Vitamin A stability evaluation PlantA Plant B | Plant © 
Uncolored margarine 
Sn He MRI MINNIE. .s.as ossssedeniansineisnisasandinesbbienbesabioinebomsmesoheysh : 
Average vitamin A values, USP units/Ib. 


36 36 36 


17,200) 16,900 | 17,250 






Faces sanscdslaanicpeseniiaimsicuananana 
a Oe NS oii ove siiescoicevvcsncrsvavscesccccnsasecccoess 17,200 | 16,600 | 17,000 
SN ON I oo csceninennbiinsininitnchebnobetpeninntons . $5 308 253 
Standard deviation........................ +239 | +340) +307 
Average retention of vitamin A, “% 99.7 98.2 O85 
Yellow margarine 
I Re I asa dil ica : 36 36 36 
Average values for preformed vitamin A, USP units/Ib. 
I NII 5. sche cdcienanaiveinceeteamanecniencenenmenenebnns : 11,900 11,100 | 11,100 
Same after 3 months at 45°F..................cccccscsssscssesseceseoes : 2,100 | 11,000 | 11,100 
Loss of vitamin A.................0...+ ssvaelabises echaesieaacsiaadibedostbmaaiaiagctets 36 219 167 
Standard deviation................ EA on Re Cm a ee aE +82 | +240 | +270 
Average retention of preformed vitamin A, %............... : 99.7 98.0 98.5 


Average values for carotene, as USP units vitamin A/Ib. 
5,700 6,700 6,750 





ee 
Same after 3 months at 45°F........ 5,500 6,500 6,500 
Loss of carotene..............cccc0000++ oainaaeiata PRE ee ae 228 191 250 
Standard deviation.................. ; Ere eM eee +204 +157 | +178 

w/ Re ee ee ee 96.0 97.1 96.3 


Average retention of carotene, [%..................... 


at higher temperatures, since oil 
further check on the relia- 
2 unrelated analytical 


It was not considered realistic to store the products 
staining of the carton makes the product unsalable. As a 
bility of the vitamin A values found, the tests included assays by 
procedures. The test methods are briefly described in the footnotes to Table 4; for a 
full description of the methods the reader is referred to the original publications (4, 5). 
The test samples were 12 in number and consisted of 2 uncolored and 2 yellow marga 
rines drawn from the regular production of each of the 3 plants. 

The earlier publications (4, 5) had clearly demonstrated that the speetrophotomet 
ric method employed for estimating vitamin A content gave reliable figures while those 
based on the chromogenic reaction between vitamin A and antimony trichloride were 
somewhat in error. The colorimetric values for preformed vitamin A were about 4% 
too high despite fortification with quality vitamin A concentrates (6). It was tenta- 
tively suggested (4) that some conversion of vitamin A to the unsaturated hydrocarbon, 
anhydro vitamin A, occurs in the manufacture of margarine with fully cultured milk. 
This vitamin A derivative is practically free of biological activity, has a strikingly 
different light absorpticn curve than that of vitamin A, but reacts with antimony 
trichloride to almost the same degree as the vitamin itself (7). Henee, the formation 
of such a compound in margarine manufacture could readily explain lower spectro 
photometric values relative to those obtained colorimetrically, despite equivalence in 
assays of the fortifying concentrates. The margarines used in the present study, the 
results of which have been summarized in Table 4, were less acid in reaction than 
those covered in previous reports (4, 5), having been made with milk cultured to only 
14 of the practical maximum. This may explain the better agreement in the results 
by the 2 assay methods, particularly in tests of the uncolored 

) a significant dis 
Thus, the 


eurrently obtained 
margarines. However, given sufficient time (one month at 75°F. 
erepancy between colorimetric and spectrophotometric estimates develops. 
spectrophotometriec values indicate a vitamin A loss of about 8%, while the colorimetric 
values show a destruction of only about 3%. These observations support further the 
hypothesis that the conversion of vitamin A to anhydro vitamin in margarine, not 
test, is of practical significance in an under 


detectable by the colorimetrie (SbCl,) 
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standing of the fate of vitamin A in margarine during manufacture and storage. The 
colorimetric estimates of the vitamin A content, particularly of stored margarine, are 
regarded to be erroneously high but of eonfirmatory value when spectrophotometric 
figures are available. In the absence of the latter figures the colorimetric estimates 
should be regarded as the maximal values for vitamia A content." 

Provitamin A, carotene, exhibits a stability in margarine comparable to that noted 
with preformed vitamin A. Under abusive storage conditions (one month at 75°F.) 
about 7% of the carotene is lost in comparison to the 8% noted in the ease of pre 
formed vitamin A. [The latter figure discounts the obviously high retention values 
obtained colorimetrically (SbCls test) for preformed vitamin A.] 

The margarine manufacturer must in fortifying his product add a sufficient over 
age of vitamin A to compensate for processing and storage losses, recognizing that the 
product may be held at times under abusive storage conditions. From the results of 
the present study, it ean be concluded that margarine must be fortified with quality 
vitamin A and carotene concentrates (5, 6) to a level of at least 17,000 USP units 
of vitamin A per pound, and preferably to the 18,000 USP unit level, to provide 
sufficient vitamin A overage to cover processing and storage losses and the occasional 
aberrant values obtained in assays of the product before and after storage. Our own 
experiences have shown that this policy will furnish margarines that never fall below 
the minimal 15,000 USP unit level in the label declaration throughout the shelf life 
of the product. 

The negligible loss of 2 to 3% of vitamin A or carotene when margarines afe held 
for 3 months at 45°F. compares favorably with that noted for the better butters, those 
prepared from sweet cream (7). When neutralized sour cream is employed for butter 
making, losses of about 10% of vitamin A are noted following storage of the butters 
for one to 2 months at 40°F. (7). Since ‘‘more butter is made from sour eream than 
is made from sweet cream’’ (7), it may be coneluded that vitamin A is in general 
more stable in margarine than in butter 


SUMMARY 
Vitamin A as such or as the provitamin, carotene, is stable in marga- 
rine. Fully 97 to 98% of the vitamin is retained during the shelf life of 
the produet when held under refrigeration (45°F.) storage. When mar- 
garine is abused during storage, held at room temperature (75°F.) for a 
period of one month at which point oil-staining of the carton renders the 
product unsalable, vitamin A retention still averages well above 90%. 
Evidence was presented that in margarine, prepared with eultured milk, 
conversion of vitamin A to the biologically-inactive anhydro vitamin A 
can be responsible for the somewhat erroneously high vitamin A estimate 
by the colorimetric (SbC1,) test procedure. Comparison of the results 
reported in the present investigation with those published by others has 
justified the conelusion that vitamin A is in general more stable in mar- 
garine than in butter. 
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"The colorimetric (SbCl;) estimate of the vitamin A content of margarine, colored 
with F. D. & C. Yellows No. 3 and No. 4 and containing 15,000 USP units of preformed 
vitamin A per pound, may be erroneously high by an additional 6°% due to interference 
of the dyes in the test (5). 
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During an investigation on the nature and causes of sediment formation 
in clarified apple juice the thermal inactivation of enzymes commonly used 
in the clarification treatment was studied. Thermal inactivation data for 
the pectin-esterase (PE) and polygalacturonase (PG) fractions of a com- 
mercial enzyme preparation of fungal origin (Pectinol A)" were obtained. 
Some investigations have suggested that sediment formation in bottled or 
canned clarified apple juice during storage might be caused by the action 
of pectolytic enzymes that survived the pasteurization treatment. 

Pederson and Tressler (13) suggested that sediment formation in proc- 
essed apple juice might be caused by the continued action of the clarifying 
enzymes if the enzymes were not inactivated during the pasteurization of 
the juice. Cruess, Aref, and Lrish (2) and Joslyn and March (8) pointed 
out that when pectin-splitting enzymes are used for the clarification of 
apple juice, too much of the enzyme preparation should not be added since 
it may be responsible for some precipitation. After clarification by en- 
zymes, the juice must be heated to 150°F.(65.6°C.) to stop any further 
action of the enzymes. Marshall (12) indicated that flash-heating apple 
juice to 190°F.(87.8°C.) inactivated Pectinol A when it was used as a 
clarification agent. 

Tressler, Joslyn, and Marsh (15) reported that if Pectinol-clarified cider 
is to be kept for any length of time after bottling, it should be heated at 
170°F.(76.7°C.) for 30 minutes to inactivate the enzyme remaining in the 
juice, or otherwise the juice may cloud again because of continued enzyme 
action. It was also reported that the enzymes of Pectinol require 10 min- 
utes at 160°F.(71.1°C.) for complete inactivation. Kertesz (11) and Willa- 
man and Kertesz (16) found that the activity of a pectin-destroying enzyme 
produced by Penicillium glaucum Link was inactivated by heating for 30 
minutes at 131°F.(55°C.). Relationships of pectin and other factors con- 
cerned with clouding and sedimentation in apple juice have been reviewed 
by Forgaes, Ruth, and Tanner (4). Carpenter and Walsh (1) reported 
that apple juice treated with an enzyme preparation, Clarase, must be 
heated to 150°F.(65.6°C.) to inactivate the enzyme. Joslyn, Mist, and 
Lambert (9) have presented evidence for the natural occurrence of poly- 
galacturonase and pectinesterase enzymes in apple juice. Pollard and 
Kieser (14) reported that the pectin demethoxylase content of different 
varieties of apples varied considerably. A purified preparation of this 
enzyme was more readily destroyed by heat than the enzyme in raw apple 
juice. 


“Contribution No. 883, Massachusetts Agricultural Experiment Station. 
’Supplied by Rohm and Haas Company, Philadelphia, Pa. 
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EXPERIMENTAL METHODS 


Apple juice substrate. Thermal destruction tests on the pectolytie enzymes were 
made on apple juice. The juice was prepared with a laboratory type cider mill and 
press. The juice was strained through cheesecloth and was then heated for 20 minutes 
at 210°F.(99°C.) to inactivate any naturally occurring pectolytic enzymes. The tests 
on the thermal destruction of PE were carried out with juice from MeIntosh apples 
that had a pH value of 3.58 and a soluble solids content of 11.9%. A blend of Bald 
win and MeIntosh apple juices (with a pH value of 3.82 and a soluble solids content 
of 10.5%) was used for the tests on PG (polygalacturonase). 

Thermal destruction tests. The technique followed in the thermal destruction tests 
was essentially that described by Kaplan, Esselen, and Fellers (10). Portions of the 
apple juice plus the enzyme preparation were placed in rimless Pyrex test tubes 125 
mm. long and 15 mm. outside diameter or in Pyrex “thermal death time tubes” 150 mm, 
long and 9 mm. outside diameter. The tubes were heated in a constant temperature oil 
bath for the times and temperatures indicated and were then cooled in ice water. Heat- 
ing lag correction factors for each size of tube were determined as described by Kaplan, 
Esselen, and Fellers (10). Lag correction factors of 6.52 and 2.3 minutes, respectively, 
were applied to the heating times of the test tubes and thermal death time tubes, 

Pectin esterase (PE). Apple juice was treated with Peetinol A in the proportion 
of 10 per cent enzyme preparation to 90% of juice by weight, for several hours at 
77° F.(25°C.). The juice was then filtered through No. 50 Whatman filter paper with a 
siichner suction funnel. Ten-ml. portions of the clarified juice were placed in the 
Pyrex test tubes, and the tubes were heated for varying lengths of time at different 
temperatures as indicated in Table 1. During heating, the tubes were positioned in 
the oil bath so that the surface level of apple juice was 35 mm. below the surface of 
the surrounding oil. The PE aetivity of the various lots of heated apple juice was 
determined by the method of Fish and Dustman (3). 

Pectin polygalacturonase (PG). Apple juice was clarified with a sugar-free pectinol 
A, in the proportion of 0.8% of the weight of the juice; during a 4-hour reaction period 
at 77 F.(25°C.). A sugar-free enzyme preparation was prepared by removing the dex- 
trose from commercial Pectinol A, as deseribed by Fish and Dustman (3). Pyrex test 
tubes containing 10-ml. portions of the filtered juice were heated for varying lengths 
Table 2. In the tests at 170°F. 


of time at different temperatures as indicated in 


TABLE 1 
Thermal inactivation of pectin esterase (PE) of 10% Pectinol A in apple juice 
Time 
Temperature ‘ 
PE active PE inactive 
PF min. min. 
Sighs aiefesnisodibidmouistisaacd odatues waaaveustnabiousbnitiei ven eebiiciis 155 160 
140..... dpiconsaindilalg snldeaduatininideanton seeeoaesiriendl ‘i 52 54 
Usaibaisiksh dednakdcad voitinasdactanktcadensatensuceisaueaveiderewe 18 19 
|. ee Dicduste isdademalevesdiaedeuned ditdasrudoaiuaddeidanetaatie 7 8 
Rin siissisunitvokchipsuvacindeinduestasimeisecnabencessssssetetsnantaaers 0 4.75 


TABLE 2 
Thermal inactivation of pectin polygalacturonase (PG) of 0.8% sugar-free 
Pectinol A in apple juice 





Time 
Temperature —_—_—_--———- = 
PG active | PG inactive 
"ae min, | min. 
iia bd osbiianwvecetstiaitinitn dosdataiaten axeecnneoadamnouensuacanionieeotens 250 260 
Pailin dps Aa apeasiionsaacadistgcsen cas Riccunbtihs taiteonddtmideaeadonaiakuetaial 90 92 
____ RE Rey Rcaeea sr eenree sblaseleukdestebasedreisbenetaiecuns ‘ 21 22 
____ SERRE aR cee oe ov ees PORE ee oO EE a 9 10 


i eee 4.5 | 5.0 
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(76.7 C.), thermal death time tubes containing 2-ml. portions of juice were used, rather 
than the larger test tubes with their larger heating lag correction because of the short 
heating time required for destruction. The contents of 5 tubes that had received the 
same heat treatment were combined for making the PG determinations. The PG activ- 
ity of the samples of heated apple juice was determined by adding the juice to a pectic 
acid substrate and measuring its increase in reducing value over a 24-hour incubation 
period at 77° F.(25°C.) by the hypoiodite method of Goebel (35). 


RESULTS 

The data obtained are listed in Tables 1 and 2. Semilogarithmie ther- 

mal inactivation curves for PE and PG, based on these data, are presented 

in Figure 1. The curves have been characterized in terms of their F,,, and 
z values: 

F'..o == time required to inactivate enzyme at 150°F. in the specific 

medium. 
z == slope of curve = number of degrees F. required for the curve 


to traverse one log eyele. 


The PE enzyme had an F,,, value of 7.2 minutes and z value of 11.3°, 
whereas the PG enzyme had an F,,,. value of 255 minutes and a z value of 
11.5°. Thus, the PG was considerably more heat-resistant than the PE, 
and pasteurization treatments sufficient to destroy the PE would not neces- 
sarily inactivate the PG activity. 

In the above tests, the concentration of PE was much higher than that 
normally added to apple juice for clarification. This high concentration 
was used in order to obtain a sufficient amount of enzyme in the apple 
Juice so that it could be readily measured. 

Joslyn, Mist, and Lambert (9) have recently reported studies on the 
clarification of apple juice by fungal pectic enzyme preparations. When 
selected enzymes were applied in the clarification of apple juice, no relation 
between PG or PE activity and rate or type of clarification was noted. 
Jansen and MaeDonnell (6) and Jansen, MacDonnell, and Jang (7) had 
previously observed that the hydrolysis of pectin by a mixture of PG and 
PE was dependent on the rate of hydrolysis of methyl bonds by the PE. 

Until the mechanism of clarification of fruit juices by the use of fungal 
enzymes is better understood, the desirability of inactivating all the en- 
zymes concerned in the subsequent pasteurization treatment is indicated. 
The present data indicate that the tests for adequacy of pasteurization, 
from this standpoint, should be based on the inactivation of the PG present 
in the clarified juice on the basis that it is much more heat-resistant than 
the PE. Pasteurization at 180°F.(82°C.) for 0.6 and 1.0 minute, or its 
equivalent at other temperatures is indicated for the enzyme preparation 
and apple juices used in the present study. The effect of variations in the 
composition of different apple juices and of different enzyme preparations 
is not known. 

SUMMARY 

The thermal destruction characteristics of pectin esterase (PE) and 
pectin polygalacturonase (PG), from a commercial pectic enzyme prep- 
aration, in apple juice were determined. The PE was much more readily 


destroyed by heat than was the PG. 
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Figure 1. Thermal destruction time curves for pectin esterase and pectin polygalac- 
turonase in apple juice. 
1. Pectin esterase. 2. Pectin polygalacturonase. 
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A STUDY OF PROTEOSE PEPTONE ACID AGAR AS A PLATING 
MEDIUM FOR THE ROUTINE ENUMERATION OF BACILLUS 
THERMOACIDURANS (BERRY) IN TOMATO JUICE" 


R. B. TAYLOR 
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Proteose peptone acid agar was devised by Stern, Hegarty, and Wil- 
liams (7) for the detection and cultivation of Bacillus thermoacidurans 
(Berry). They noted that, because contaminating types of bacteria were 
rarely found, direct plating of tomato juice with this medium was possible. 
During their studies they consistently observed that unless B. thermoacid- 
urans (Berry) was present in the tomato juice samples, plates poured with 
proteose peptone acid agar appeared to be sterile. The use of this medium, 
therefore, gave both a qualitative and quantitative picture of a spoilage 
outbreak. 

Cameron and Bohrer (4) advocated the use of proteose peptone acid 
agar for the detection of B. thermoacidurans (Berry) in their spoilage 
control procedures. They claimed that this medium promoted the growth 
of the ‘‘flat-sour’’ type of bacteria and, when used together with a heat 
treatment of the sample being analyzed, inhibited the growth of bacterial 
types not capable of producing spoilage of tomato juice. They found that 
the plate counts observed in this medium represented the number of 
B. thermoacidurans (Berry) and other acid tolerant types of bacteria 
present in tomato juice, and gave an index of the spoilage potential of 
the sample being analyzed. They did not, however, suggest the necessity 
of distinguishing between B. thermoacidurans (Berry) and other acid 
tolerant types. They concluded that a plate count of 10 colonies per ml. 
on proteose peptone acid agar represented a maximum limit of normal 
contamination and plate counts exceeding this limit indicated the possi- 
bility of some degree of spoilage. The spoilage potential of a sample 
became greater with increasing plate counts on this medium. The limit 
of 10 colonies per ml. was later changed (5). The number of plates, each 
inoculated with one ml. of tomato juice, poured with proteose peptone 
acid agar, and incubated at 55°C.(131°F.) was inereased from 3 to 6, 
and from experience they found that any colonies per 6 ml. of tomato 
juice was indicative of possible spoilage and should be investigated. 

During the winter of 1951-1952, several hundred cans of tomato juice 
were examined in this laboratory following the procedures suggested by 
Cameron and Bohrer (4, 5). Colonies were picked from proteose peptone 
acid agar plates and transferred to slants of the same medium to collect 
cultures of B. thermoacidurans (Berry) for heat resistance studies. Upon 
examination of the large number of organisms isolated, relatively few 
cultures proved to be typical of this organism; the remainder were mor- 


“Published with the approval of the Director of the Ontario Research Foundation. 
Contribution of the Department of Biochemistry. 
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phologically quite unlike cultures of B. thermoacidurans (Berry). No 
attempt was made at that time to study these organisms. 

This investigation was undertaken during our 1952 survey of com- 
mercial tomato juice processing lines, to decide whether or not a further 
differentiation of the organisms growing on proteose peptone acid agar 
should be made when conducting a line survey. Our object was to deter- 
mine more accurately the hazard of contamination of the plant equipment 
with B. thermoacidurans (Berry ). 


EXPERIMENTAL 


The dehydrated medium, thermoacidurans agar,” of the same composition as the 
medium of Stern, Hegarty, and Williams (7?) was used throughout this investigation, 
Dextrose tryptone agar” was used in the isolation of pure cultures by serial plating. 
Becker and Pederson (1) used a sugar deficient tryptone, glucose, yeast extract agar 
to obtain profuse spore production. In this investigation a spore medium containing 
the following constituents per 1,000 ml. was used: dextrose, 0.1 g.; dibasic potassium 
phosphate, 4.0 g.; proteose peptone, 5.0 g.; yeast extract, 5.0 g.; agar, 20 g. The first 
4 constituents were dissolved in 500 ml. of distilled water and adjusted to pH 5.0 with 
HCl. The agar was dissolved in a separate flask in the remaining 500 mil. of water. 
Following the sterilization of both solutions at 15 pounds’ pressure for 15 minutes, 
the agar was aseptically mixed with the other constituents. The medium was then 
useptically tubed, and slanted in the usual manner. 

All samples of tomato juice taken from sampling points along the processing lines 
of all plants being surveyed, except processed cans, were given a heat treatment of 7 
minutes in flowing steam. One ml. of each sample was then pipetted into each of 
three sterile petri plates. The plates were poured with thermoacidurans agar and 
incubated for 48 hours at 55° C.(131 F.). At the end of this incubation time, colonies 
growing in these agar plates were counted by means of a Quebee colony counter and 
the numbers recorded. In only a few instances did the bacterial numbers exceed 2 or 
3 per ml. One or 2 colonies were picked from the plates of thermoacidurans agar and 
transferred to slants of the same medium which were incubated at 55 C.( 131° F.) for 
16-20 hours. Films were then made from these cultures on glass slides, stained by the 
Gram method, and examined under the microscope. Cultures which appeared to be 
typical of B. thermoacidurans and doubtful cultures were placed in a separate rack. 
Slants of the filamentous type organisms were placed in a second rack and slants of 
the miscellaneous rod type organisms were set in a third rack. All cultures were trans 
ferred to slants of the spore medium and stored for future attention. 

At the end of the packing season these organisms were transferred to fresh 
slants of thermoacidurans agar and incubated 16-20 hours at 55°C.(131°F.). Serial 
dilutions were then plated with dextrose tryptone agar” and the plates were ineubated 
at 55°C.(131°F.) for 24 hours. Well isolated colonies were picked from suitable plates, 
transferred to thermeacidurans agar slants, and incubated for 16-20 hours at 55°C. 
(131°F.). A heavy inoculum of each resulting culture was transferred by means of a 
sterile inoculating loop to each of 2 tubes of tomato juice which had been adjusted 
to a pH of 4.5 and autoclaved for 15 minutes at 15 pounds’ pressure. One set of tubes 
was incubated at 55°C.(131°F.), and the other set at 37°(98°F.) for 14 days. At the 
same time slants of the spore medium were inoculated with these organisms and incu 
bated at 55°C.(131°F.) for 7 days, or longer when necessary. Films were made from 
each culture on glass slides, stained with Schaeffer and Fulton spore stain, and examined 
microscopically. The pH of the tubed tomato juice was determined at the end of the 
14-day incubation time. ‘‘Flat-sour’’ spoilage was recognized by a definite increase 
in the hydrogen ion concentration of the tubed tomato juice. 

A heavy inoculum of a 16- to 20-hour culture of each organism which caused a 
decrease in the hydrogen ion concentration of the tubed tomato juice was transferred 
by means of a sterile inoculating loop to tubes of sterilized tomato juice which had 


*Manufactured by Difco Laboratories. 
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been adjusted to pH 4.35, pH 4.25, and pH 4.20, respectively. These tubes were ineu 
bated for 14 days at the incubation temperature at which the original pH change 
occurred. The pHl was again determined at the end of the 14-day incubation time. 


A Beckman glass electrode pH meter was used for all pH measurements. 


RESULTS AND DISCUSSION 

Of the 41 original isolations of the filamentous type only 27 were 
recovered upon retransfer to fresh thermoacidurans agar slants. The mor- 
phology of all these cultures resembled that of Actinomycetes (Plate I: 
Figs. 5, 6). No growth and no pH change occurred in the tubes of tomato 
juice incubated at either 37°C.(98°F.) or at 55°C.(131°F.). Twelve of 
the recovered cultures showed definite spore formation. The filamentous 
type organisms were found in samples taken from all parts of the tomato 
juice processing line except the cooling water. 

Of the 40 cultures regarded as miscellaneous Gram positive and Gram 
negative rods, 24 caused no significant change in the hydrogen ion concen- 
tration of the tubed tomato juice. Sixteen cultures caused a decrease in 
hydrogen ion concentration resulting in final pH values of from 4.51 to 
4.91. Seven of these organisms failed to grow in dextrose tryptone agar, 
and thermoacidurans agar had to be used for plating the serial dilutions. 
All but 9 cultures showed spore production. 

Both the microscopical examination and the results of the incubation 
tests indicated that none of the filamentous type organisms and none of 
the miscellaneous rod type organisms isolated from thermoacidurans agar 
were B. thermoacidurans (Berry). 

Of the 27 cultures regarded as B. thermoacidurans (Berry), 22 caused 
definite ‘‘flat-sour’’ spoilage, 3 caused a limited acid production, one caused 
no pH change, and one caused a decrease in the hydrogen ion concentra- 
tion of the tubed tomato juice. All but 2 cultures showed spore produc- 
tion. The 2 cultures which did not increase the hydrogen ion concentration 
of the tubed tomato juice were not considered to be B. thermoacidurans 
(Berry). The remaining cultures showed a varying ability to produce acid 
at 55°C.(131°F.) and the greatest increase in hydrogen ion concentration 
always occurred at 37°C.(98°F.) thus bearing out the work of Berry (2, 
3), Becker and Pederson (1), and Cameron and Bohrer (4). 

The cultures which caused a decrease in the hydrogen ion concentra- 
tion of tomato juice adjusted to pH 4.50 did not do so in tomato juice 
adjusted to pH 4.32, pH 4.25, or pH 4.20. 

Microorganisms growing in thermoacidurans agar can roughly be di- 
vided into 3 groups on the basis of their morphological characteristics 
when examined under the microscope after 16-20 hours’ incubation on 
thermoacidurans agar slants. B. thermoacidurans (Berry) ean be recog- 
nized by its relatively long cells occurring singly, in pairs, or in short 
chains, which generally stain partly Gram positive and partly Gram neg- 
ative (Plate IT: Figs. 1, 2). This staining characteristie has been found 
to be consistent in most cultures of this age. The vounger cells stain 
Gram positive and the older cells stain Gram negative. There are execep- 
tions to this; occasionally a whole smear will stain Gram positive or 
Gram negative but even without this distinguishing characteristic the 
morphology of 16- to 20-hour cultures is such that they cannot be readily 
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confused with cultures of the same age of the other 2 types, which are 
either fine tangled filaments (Plate |: Figs. 5, 6) or short rods, the major- 
itv of which stain Gram negative (Plate I: Figs. 3, 4). 

Differentiation of these organisms is of importance when reporting 
the results of a line survey because the filamentous type and the miseel- 
laneous rod type organisms are not taemselves the cause of ‘‘flat-sour’’ 


Plate I. Organisms isolated from thermoacidurans agar (Difco). 





Figure 1. Culture No. 400. Figure 2. Culture No. 591. 


Figures 1, 2. Photomicrographs of B. thermoacidurans type organisms isolated from 
thermoacidurans agar (Difco). * 1400. 
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Figure 3. Culture No. 546. Fees 4. Culture No. 728B. 


Figures 3, 4. Photomicrographs of miscellaneous rod type organisms isolated from 
thermoacidurans agar (Difco). X 1400. 





Figure 5. Culture No. 772. ra 6. Culture No. 710B. 


Figures 5, 6. Photomicrographs of filamentous type organisms isolated from thermo- 
acidurans agar (Difco). X 1400. 
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spoilage of tomato juice. When these organisms are recovered from proc- 
essing line samples alone in such low numbers as one or two per 3 
plates of thermoacidurans agar" their importance in regard to ‘‘flat-sour’’ 
spoilage of tomato juice is limited. However, when the numbers of these 
organisms are high they do indicate a condition of improper sanitation 
which presupposes the presence of B. thermoacidurans even though it is 
not recovered from the incubated agar plates. Such a condition should 
still be considered dangerous. 

The pH of tomato juice appeared to be a limiting factor in the growth 
of those organisms which caused a decrease in the hydrogen ion concen- 
tration of tomato juice adjusted to pH 4.5. None of these organisms caused 
an alkaline reaction in tomato juice adjusted to pH 4.20, pH 4.25, or pH 
4.32. Some of these organisms, however, may be responsible for off-flavors 
in tomato juice having a normally high pH. This is particularly true of 
those organisms which caused the alkaline reaction at 37°C. 

None of the filamentous type organisms inoculated into sterile tomato 
juice at pH 4.5 caused any significant change in pH and so had no signifi- 
cance either in regard to ‘‘flat-sour’’ spoilage or to spoilage of an alkaline 
nature. According to Waksman (8) the heat resistance of Actinomycetes 
spores is relatively low, 60°-65°C.(140°-150°F.) for 10 to 15 minutes, so 
that their presence in filler bowls and processed cans may be an indication 
of underprocessing. However, the thermal resistance of these organisms 
has not yet been determined. Some of these cultures did not produce 
spores when grown on the thermoacidurans agar slants. That they are 
spore formers, however, is quite probable, but this medium and the econ- 
ditions of growth may not have been conducive to spore formation by 
these organisms. 

Whether or not the filamentous types grow to any extent in the plant 
equipment is not known. No evidence of a rapid growth of these organ- 
isms was noted during this line survey. Their origin is probably the soil 
and they may pass through the processing line in the spore stage. They 
may, however, be present in the dust of the air, over beams in the plant, 
and in the empty cans. 

SUMMARY 


Thermoacidurans agar” is not specific for B. thermoacidurans (Berry), 
when used to conduct bacteriological surveys of commercial tomato juice 
processing lines. Colonies growing on this agar should not be recorded as 
being B. thermoacidurans (Berry) without being first transferred to ther- 
moacidurans agar slants, incubated 16-20 hours at 55°C.(131°F.), and 
then examined under the microscope. While the recovery of only fila- 
mentous and miscellaneous rod type organisms in such small numbers as 
one or two per 3 plates is of limited importance, their recovery in higher 
numbers must still be considered to indicate a hazardous condition requir- 
ing further investigation. 


Acknowledgment 


Grateful acknowledgment is hereby made to H. Maeste, the author’s assistant. for 
his valuable help in conducting this investigation. 








PROTEOSE PEPTONE ACID AGAR AS PLATING MEDIUM 52 


LITERATURE CITED 
Becker, M. E., AND PEDpRSON, C. 8. The physiological characteristics of B. coagu 
lans (B. thermoacidurans). J. Bact., 59, 717 (1950). 
2. Berry, R. N. Some new heat-resistant acid tolerant organisms causing spoilage in 


tomato juice. (A paper read before the Society of American Bacteriologists, 


Annual Meeting, December, 1932). 
Berry, R. N. Some new heat-resistant acid tolerant organisms causing spoilage in 
tomato juice. J. Bact., 25, 72 (1933). 
. CAMERON, E. J., AND Bonrer, C,. W. Spoilage control procedures for tomato juice. 
Information Letter, Supplement No, 1170, National Canners’ Association (1948 


. CAMERON, E. J., AND Bonrer, C. W. Suggested modifications of the N.C.A. bae 


teriological procedures for spoilage control of tomato juice 
Flat-sour spoilage of tomato juice. N.Y. State 


PEDERSON, C. S., AND BECKER, M. FE. 
Agr. Expt. Sta. Tech. Bull. 287 (1949). 

STERN, R. M., Heoarry, C. P., 
(Berry) in tomato juice, and successful cultivation of the 
laboratory. Food Research, 7, 186 (1942). 

WAKSMAN, SS. A. The Actinomyce te 


AND WILLIAMS, O. B. Detection of B. thermoacidurans 
organism in the 


1950, Chroniea Botanica Co., Waltham, Mass. 








THE AMINO ACIDS IN VARIOUS TISSUES OF CITRUS FRUITS 
AND IN ORANGE PROTEIN* 


IP. M. TOWNSLEY, M. A. JOSLYN, anp C. J. B. SMIT 


Department of Food Technology, University of California, 
Berkeley, California 


(Manuscript received December 1, 1952) 


Nelson et al. (15) reported the presence of aspartic acid, choline, and 
small amounts of histidine in orange juice in addition to asparagine, gluta- 
mine, and stachydrin found previously by earlier investigators. Jansen 
and Jang (6) and Miller and Rockland (14) isolated cysteine and gluta- 
thione from orange juice. More recently the distribution of free amino 
acids in citrus juices was studied by filter-paper chromatography by Rock- 
land et al. (17) and Underwood and Rockland (23). The latter reported 
the oecurrence of alanine, serine, glutamie acid, proline, and y-amino 
butyric acid in addition to asparagine, aspartic acid, glutamine, arginine, 
and histidine, which have been reported previously. Underwood and Rock- 
land (23) were interested primarily in a comparative investigation of the 
amino acids present in filtered juices of several varieties of citrus fruits. 

Our investigations which were started in 1949, as a continuation of pre- 
viously reported work on other fruits, Joslyn and Stepka (8), were carried 
out for the purpose of (a) determining the distribution of free amino acids 
in the various tissues of several citrus fruits; (b) for the qualitative deter- 
mination of changes in the amino acid constituents of juices that occur 
during the ‘‘browning reaction,’’ and (c) for the analysis of the amino 
acid composition of the proteins isolated from the chromatophores and 
from the peel of the Valencia orange. These investigations, reported in 
detail in a thesis by P. M. Townsley (22), are presented in summary in 
the present paper. 

EXPERIMENTAL PROCEDURE 

Preparation of fruit samples. Late Valencia oranges, early green Washington Navel 
oranges, late Marsh grapefruit, and tree matured Eureka lemons were picked early 
in October” and dissected into the following tissue preparations: albedo, flavedo, locular 
walls, juice vesicles, vascular tissue, seeds, and navel. In addition reamed juiee was 
strained through cheesecloth, and chromatophores—separated from it by centrifuging, 
resuspending in water, and recentrifuging twice— were prepared. 

As the tissues were removed from the fruit, they were dropped into sufficient 
volume of 959% aleohol to give a final concentration of from 70% to S0% aleohol, 
assuming all the different tissues, including juice, to contain 90% water. The samples 
then were blended in a Waring blendor for 5 minutes and stored at 07°C. 

Aliquots of the filtered reamed juices were analyzed for Brix degree, titratable 
acidity with results as shown in Table 1. 

Total nitrogen, excluding nitrate nitrogen was determined by the micro-kjeldabl 
method on each aleoholie extract after the alcohol precipitable matter and insoluble 
tissue had settled out. The data obtained are shown in Table 2 (nitrogen content of 
aliquot applied to paper for optimum chromatography of Valencia oranges). 


“Presented in part at the Thirteenth Annual Meeting of the Northern California 
Section, Institute of Food Technologists, Albany, California, December 4, 1952. 

"The fruit was obtained from the orchard of the Citrus Experiment Station through 
the courtesy of Dr. W. H. Sinelair. 
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TABLE 1 
Composition of citrus fruits tested 


Soluble 








Citrus species Acidity ‘ Brix solids as Brix/acid 
sucrose d 
Late Valencia oranges.............. Par: ee 0.964 13.4 12.9 13.9 
Karly green Washington Navel oranges... 2.035 10.3 9.9 4.1 
Late grapefruit i ee 1.197 W5 8.8 7.9 
Tree matured Eureka lemons............... 5.306 : 8.2 1.5 
Market ripe Valencia oranges......... ae 1.049 11.8 11.0 11.2 
© Expressed as grams anhydrous citric acid per 100 ml 
“From refractive index measurements corrected for citric acid content 
TABLE 2 
Total alcohol extractable nitrogen (mg./100 ml. of extract) 

Early green Tree 
, Late Washington Late matured 

issue Valencia navel eraye Eureka 

oranges oranges fruit lemons 

Flavedo..... si ae 14.48 14.08 S85 
Albedo pelea . ‘ 10.91 79 O86 
Carpellary membrane 7.20 6.25 2.63 
Vesicles........ re he eee 22.36 12.86 15.16 9.01 
Vascular tissue 14.28 9.13 11.41 
Seeds in siatecs re 32.93 22.62 9.13 
Reamed juice 19.36 11.63 13.65 8.33 


Centrifuged juice 19.69 11.82 
Chromatophores 23.29 14.05 
SS 0 ipiiignnion 3 14.92 


Juice obtained from ripe Valencia oranges purchased on the loeal market (Novem 
ber, 1949) by reaming and straining through cheesecloth was stored in air as such 
after addition of O0.30¢ sodium benzoate and also after centrifuging to remove chro 
matophores. Aleoholic extracts of these 2 lots were prepared immediately and at several 
stages of darkening as observed both visibly and from measurements of optical density 
in a Klett photometer. 

Proteins. I’eels from the market Valeneias used above, cleaned of all adhering mem 
branes, and discolored injured tissue, were ground in a meat grinder to a fine pulp. An 
equivalent volume of 95% aleohol containing 1% sodium hydroxide (0.23 N) was added 
and the mixture blended in a Waring blender for 3 minutes. The resultant suspension 
was stored overnight at 0-C. It was then filtered through fine meshed linen eloth, an 
equal volume of distilled water added and the pH adjusted to 4.7 with glacial acetic 
acid. The floeculated precipitate was separated by filtering through a fluted No, 2 
Whatman filter paper. The precipitate was washed 4 times with 95° aleohol, twice 
with absolute ether, and then dried and stored in a desiceator. The crude protein was 
a yellow-colored powder; 6.47 g. were obtained from 3,500 g. of peel. 

The peel protein was purified by redissolving in 0.3% sodium hydroxide, filtering 
through a No. 1 Whatman filter paper, and reprecipitating at pIl 4.7 with glacial 
acetic acid; this was repeated 4 times. Each time the precipitate was washed with 
distilled water until no longer acid to litmus. The precipitate at the fourth filtration 
and washing was washed with 95% aleohol and then with absolute ether. It was dried 
in air and stored in desiccator over calcium chloride. The yield was 2.02 pg. of a 
bright yellow-colored precipitate with a loss during purification of 66%. 

The protein from the 280 ml. of chromatophores (separated by centrifuging 1 liter 
of Valencia orange juice at 2,000 r.p.m. for 30 minutes, syphoning off the juice and 
resuspending the residue in cold distilled water and recentrifuging) was isolated by 
adding an equal volume of 95% alcohol with 1% sodium hydroxide, filtering through 
linen cloth, and then precipitating with acetic acid as above. The yield of purified 
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light cream colored protein was 2.33 g. 
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Each protein was hydrolyzed for chromatographic analysis by placing 0.2 g. of 
protein and 5 ml. of 6 N H.SOs, or 5 ml. of 6 N Ba(OH):, respectively, into sealed 
tubes. Hydrolysis was carried out for 16 hours in an autoclave at 15 pounds’ pressure 
(120°C.). The barium and sulfate ions were quantitatively removed by the addition 
of sulfuric acid and barium hydroxide, respectively. The resulting solutions were 
neutral to litmus paper. 

Chromatographic analysis. The technique employed for chromatographic analysis 
was that used by Joslyn and Stepka (8). The solvent used in the first direction was 
water saturated phenol and in the second direction, butanol-acetie acid-water, of the 
following composition: 5 volumes of water, 1 volume of glacial acetie acid, and 4 
volumes of n-butanol. To aid in the identification of the spots, a third solvent, 2-4 
lutidine-water in a 1:1 ratio was used on a duplicate set of 8 papers for the second 
direction. 

A preliminary series of 8 papers were run two dimensionally, using the first 
solvents. The purpose was to determine the most ideal concentrate for analysis to be 
applied to the papers; it was closely estimated from the total nitrogen content of the 
extracts and from the amino acid fraction of the total nitrogen. This was assumed 
from the literature to be approximately 60%, Sinclair ef al. (18). Beeause the total 


” 


nitrogen content of the extracts was low and varied from tissue to tissue, it was 
necessary to concentrate the extracts to previously ealeulated volumes. In order to do 
this, 2-ml. aliquots of the aleoholic extracts (in some cases fractional amounts of this 
2 mi., depending on the amount of extract available, as with vasecular tissue) were 
placed in glass vials of dimensions 14% by 1% inch, and subjected to a vacuum of 28.5 
inches at 35°C. Evaporation to the desired concentration required approximately 2 to 
3 hours. The sample was then applied in 0.1-ml. amounts to the paper. This amount 
gave an area equal to a circle one em. in diameter. A similar technique was employed 
for concentration and for application of all the aleoholic extracts analyzed in this work. 

The identification of the spots was accomplished by several methods: by the pattern 
of the spots found by Dent (3) to be constant and reliable in 3 solvents with known 
markers naturally occurring in the extracts and by the addition of known amounts of 
amino acids* to the extracts before concentration. The extract was then chromato 
graphed so that the naturally occurring amino acids would give only a faint pattern 
and the added amino acids could be easily detected by the inereased intensity of a 
spot. In all cases the intensity of the spots was compared to controls developed at the 
same time to which no amino acids had been added. 

The use of the 2 hydrolyzing agents, sulfurie acid and barium hydroxide, assisted in 
clarifying the identity of certain amino acid spots. Serine, threonine, and arginine are 
destroyed by barium hydroxide but are not destroyed by sulfurie acid under the con 
ditions of hydrolysis. This disappearance of an amino acid from one hydrolysate and 
not in the other paralleled chemical tests, and thereby the identity of a spot could be 
established. 

Before the ninhydrin was sprayed on the paper, the air-dried, non-heated papers 
were examined under ultraviolet light to map out the fluorescent areas. 


DISCUSSION 
The free amino acids of citrus fruit tissues. In carrying out the tests for 
the occurrence of free amino acids in citrus fruits some 70 to 80 chroma- 
tograms were made. Typical of the data obtained is that showing the dis- 
tribution of amino acids in various tissues oi Valencia oranges, Table 3. 
Quantitative and possibly qualitative differences occurred in the free 
amino acid content of the citrus fruits examined. These differences were 
observed also from tissue to tissue. The qualitative differences occurred 
mainly in the basic amino acid fraction, which includes lysine, arginine, 





*The amino acids were added before concentration so that they would be subjected 
to the same treatment as the naturally occurring amino acids and would most likely 
be in the same chemical equilibrium form, important in the amino acid movement in 
the solvents. This is especially true for the basic amino acids like arginine and lysine. 
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TABLE 3 


Distribution of amino acids in late valencia orange tissues ‘ 
(butanol-acetic acid : phenol-water) 


Carpellary 


Albedo ® Flavedo® membrane Vesicles ® Juice® 
Ac, Al Ac, Sn An, Ae, Sn Ae, Ar, Sn Ar, Ac, Sn 
Ln An Al, Ab, Ge An An 
Ab, Sn Ge Ar Ab Ab 
Ge, Pr Al, Gn, Ab Gn, Ls, Pr, U LTT ter 
An, Gn, Pn Pr Pn Al Al 
U, Vn" Pn, U Tn Ir Pr 
U, Ar. U’ rn Vn" Ls Ls 
Vn" U Vn Vn 
Tn, Pn, Gn Tn, Pn, Gn, U 
fArranged in order of approximate intensity of coloration with ninhydrin 
®Aliquot used for best separation contained the following amounts of nitrogen in mg Albedo 
0.043; Flavedo—0.043; Carpellary membrane 1028 Vesicle 0.017; Juice—-0.025; Chromato 
phores—0.018. The amino acids identified were Alanine—-Al, Arginine—Ar Asparagine —An, 
Aspartic acid-—Ac, y-amino butyric acid Ab, Glutamine—tin, Glutamic acid——-Ge, Leucine—La, 
Lysine Ls Methionine Mn, Ornithine (i Phenylalanine i'r Proline Ir, Serine Sn, Thre 
onine—Tn, Valine Vn, and several unknowt l 
"Valine and possibly methionine 
This unknown may be ornithine 


ornithine (tentatively), the amide glutamine, and unknowns in this area 
on the papers. Arginine was the most variable of the known amino acids 
found. The amino acids, tyrosine and a spot corresponding to a-amino 
butyric acid were present in some extracts and not in others at the con- 
centrations of the extracts analyzed. Tyrosine was found in the seeds of 
the Valencia, the Navel, the grapefruit, and in the flavedo and albedo of 
the Navel orange. Alpha-amino butyric acid was found in most of the 
tissues of the Navel orange but not in the free amino acid fraction of the 
extract of the other fruits. All extracts contained aspartie acid, glutamic 
acid, serine, threonine, alanine, y-amino butyric acid, valine, and possibly 
methionine. With the valine there was phenylalanine, and in most cases 
the presence of one or more unknown members of the leucine group, pro 
line and asparagine. The latter two, because of their characteristic color 
and reliable Ry values, were used as natural markers for the suggestion 
as to the identity of other amino acids. 

Extracts from the juices of all the citrus fruit had to be chromato- 
graphed at lower levels of concentration because of the tendency to form 
‘tails’? upon development with phenol. The formation of ‘‘tails’’ did 
not occur in the butanol-acetic acid-water direction. 

Preliminary chromatographs of tryptophane have been unsuecessful in 
locating the position of this amino acid, although the spot corresponding 
to valine increased slightly in intensity whenever tryptophane was added. 

An excellent separation of the fluorescent substances was noted by 
observation under ultra-violet light. No attempt was made to identify 
them. The fluorescent spots differ qualitatively and quantitatively from 
extract to extract. Higher concentrations usually are associated with the 
flavedo, albedo, and vascular tissues of the fruit. 

Free amino acids in the citrus alcoholic extracts. The free amino acids 
found in the alcoholic extracts of the various tissues may include the 
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easily hydrolyzable amino acids from the more complex units. The tissues 
were placed in alcohol within a few minutes after separation from the 
fruit, leaving only a short period in which enzymic hydrolysis could 
occur. Investigations by Webster (25, 26) indicate that there are some 
changes taking place in alcohol storage, but his preparations were under 
very adverse conditions and he presented no data on storage of alcoholic 
preparations at 0°C. At this temperature it is not likely that changes 
oceur rapidly enough to destroy or alter the general picture of the free 
amino acids present. 

The total extractable nitrogen in the alcoholic extracts varied from 
tissue to tissue, between tissues of a fruit, and between the fruits. The 
absolute nitrogen value will vary throughout the vear, Cameron eft al. (2). 

Seeds of the Valencia orange and the grapefruit contain more extract- 
able nitrogen than other tissue. This is not so with the lemons, however, 
the nitrogen content of the vascular tissue being higher than the seed 
extract. The flavedo, from all the citrus fruits examined, contains more 
nitrogen than the albedo or carpellary membranes. The vesicles contain 
higher quantities of nitrogen than either the reamed juice or centrifuged 
juice, The navel of the green Navel oranges contains the greatest concen- 
tration of nitrogen in this fruit. | ° 

The aliquot required to give optimum results on the chromatogram was 
partially controlled by the presence of materials in the extracts such as 
acids and sugars. These constituents prevented the use of definite aliquots 
based on nitrogen content. The large aliquots required for the flavedo and 
albedo chromatograms indicate that the total free amino nitrogen, as com- 
pared to the total alcohol extractable nitrogen, is relatively low in these 
fractions. Approximately the same relation was found with the other 
citrus fruits tested. 

In order to study whether concentration of the extracts at 35°C. under 
28.5 inches of vacuum would significantly affect the observed differences 
in the free amino acid content of the extracts, representative extracts were 
concentrated at O°C. under vacuum, the concentration requiring approxi- 
mately 30 hours to complete. Chromatographie analyses of these extracts 
did not show any significant differences from the extracts concentrated 
at 35°C. 

There is also the possibility of hydrolysis, ester formation, and altera- 
tion in amino acid structure occurring as the result of the acid pH in 
concentrating some extracts such as from lemon juice. Observation of the 
chromatograms of these extracts indicates that this is possible and that 
such solutions should be buffered at pH. 7 before concentration. 

The presence of a spot corresponding to a-amino-n-butyrie aeid in Navel 
tissues and not in other citrus tissues indicates that this amino acid may 
be a normal constituent in this fruit and not a breakdown product of an 
amino acid, such as methionine, as suggested by Dent ef al. (4). Under- 
wood and Rockland (23) reported a-amino butyrie acid to be present in 
California Valencia orange and y-amino butyrie acid in Valencia orange, 
Navel orange, Marsh grapefruit, and Eureka lemon juice as well as in other 


citrus juices. 
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Tyrosine was found to be associated with epidermal tissue. It was 
found in the Navel flavedo and albedo but not in other tissues of any of 
the citrus fruit examined, with the exception that it was present in the 
seeds of all the fruits examined. Its presence in these other tissues is 
probably of such low concentration that it could be detected using this 
technique of analysis. 

It was found that in seedlings of certain higher plants the quantity of 
glutamine as well as of asparagine varied with the age and the environ- 
ment of the plant. The more rapid hydrolysis of glutamine to glutamic 
acid as compared to that of asparagine to aspartic acid, may explain the 
consistent appearance of asparagine and the inconsistent appearance of 
glutamine, both qualitatively and quantitatively, Krebs ef al. (9). 

Lysine and arginine, 2 basic amino acids, were found to vary both 
qualitatively and quantitatively. In a study of the basic substances in the 
alfalfa plant, Vickery (24) found that arginine was held partly in com- 
bination and that lysine was in total combination, that is, they did not 
occur free or as salts. Recently it was shown by Lea and Hannan (10) 
that Ivsine, arginine, histidine, methionine, and tyrosine could combine 
with reducing sugars and that under hydrolytic conditions only 700% of 
the lysine and none of the arginine or histidine could be liberated 

Free amino acids during browning. The nitrogenous constituents of cit 
rus juices have long been suspected of being involved in the browning 
reaction, but Nelson ef al. (15) found no nitrogenous constituent In aged 
pasteurized juice that was not present also in the fresh juice, and they 
reported that the amount of soluble nitrogen in aged juice was almost 
double that in fresh. Joslyn and Marsh (7) observed that the amino- 
nitrogen level remained practically constant during the course of browning 
of Valencia and Navel juices, and Loeffler (12) observed lower amino acid 
content in juices stored at O°C. than those stored at higher temperature. 
Joslyn and Marsh (7) postulated the possible hydrolysis of polypeptides 
during storage to account for this. The isolation of an alkali soluble pro- 
tein from the chromatophores of the orange by Smith (7%) and later by 
Sinclair et al. (18) lent support to this hypothesis. 

Reamed and centrifuged orange juice initially prepared and after 4 
months of storage in half-filled cotton stoppered bottles was chromato- 
graphed, using the same amount of aleohol extract. The total alcohol 
soluble nitrogen content was 16.55 mg. per 100 ml. for the reamed and 
strained juice and 16.74 mg. per 100 ml. for the centrifuged juice. The 
initial ascorbic acid content was 45.4 mg. per 100 ml. for both samples. 
After storage for 2 weeks this decreased to 1.84 mg. in the reamed juice 
and to 11.9 mg. in the centrifuged juice, and after 4 months no reduced 
ascorbic acid remained in either. The extent of browning was followed 
by changes in optical density with 4 color screens in a Klett-Summerson 
photometer. In the reamed juice the photometer readings at 420, 540, 600, 
and 660 mp, respectively, changed from 612, 294, 202, and 173, respee- 
tively, to 340, 61, 22, and 14. The corresponding readings for the centri 
fuged juice were initially 500, 253, 174, and 147 and after 4 months’ stor- 
age 405, 78, 23, and 14. At this time considerable precipitate formed and 
settled out in both lots. 
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The extracts of the Valencia juice after 4 months of browning did not 
show any significant differences in the intensity of the number of spots. 
Further aging of the juice may bring out differences. This was observed 
in a one-year old Navel juice obtained from ripe market oranges. No 
noticeable change of free amino acid content was observed to oceur during 
darkening. The confusion in the literature on changes in nitrogenous con- 
stituents during the browning of orange juice, Stadtman (20), may be due 
in part to failure to include the reaction of reducing sugars with proteins 
such as that found by Lea and Hannan (10). 

As suggested by Joslyn and Marsh (7), the hydrolysis of soluble poly- 
peptides may be involved in the maintaining of constant amino nitrogen 
content during browning. This may be the explanation for the non-observ- 
ance of quantitative changes of the amino acids in the paper partition 
chromatogram. Of notable importance is the observation that the centri- 
fuged juice darkens over 3 times as fast as the reamed juice as measured 
at the 420 mp absorption band. 

Amino acids in orange proteins. The properties of the Valencia orange 
peel and chromatophore proteins are summarized in Table 4. The following 


TABLE 4 
Chemical tests on proteins 
Test Peel protein Chromatophore Constituent tested for 
1. Color Yellow Cream white 
2. Total nitrogen (exelud 4.35% 15.16% 


ing NOs) 
4. Xanthoproteic-confirma- | Strong positive Positive 
tory addition of alkali 
4. Millons Colored protein | Slight positive Monohydroxy benzene 
nucleus, tyrosine 


Benzene nuclei, tyrosine, 
tryptophane, phenylalanine 


5. Adamkiewiez Negative Positive Tryptophane 

6. Hopkins Cole Negative Positive Tryptophane 

7. Molish Strong positive | Very weak Carbohydrate 

positive 

8. Kovae’s Negative Negative Free indole nueleus 

%, Cystine and cysteine Negative Negative Cystine or cysteine 
sulfur 

10. Sakaguehi H.SO, Positive Positive Free guanidine group 
hydrolysis 

11. Ba( OL). hydrolysis Negative Negative Arginine 


amino acids were detected in the barium hydroxide hydrolysate of the peel 
protein, in order of intensity of ninhydrin reaction: Lysine and possibly 
ornithine, unknown, aspartic acid, B-alanine, glycine, glutamie acid, alanine, 
proline, y-amino butyric acid, tyrosine, valine, phenyl alanine, leucine, un- 
known. In the sulfurie acid hydrolysate the amino acids detected were: 
Lysine, unknown-arginine and ornithine, unknown, £-alanine, unknown, 
serine, glycine, aspartie acid, glutamie acid, threonine, alanine, proline, 
y-amino butyrie acid, tyrosine, valine, phenyl alanine, and leucine. The 
amino acids found in the barium hydroxide hydrolysate of chromatophore 
proteins were: Lysine, ornithine, unknown, aspartie acid, glycine, B-ala- 
nine, glutamic acid, alanine, proline, y-amino butyrie acid, tvrosine, valine, 
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phenyl alanine, leucine, and unknown. In the sulfuric acid hydrolysate of 
chromatophore proteins: Unknown, lysine, arginine and possibly ornithine, 
unknown, unknown, aspartie acid, serine and glycine, B-alanine, glutamic 
acid, threonine, alanine, proline, unknown, tyrosine, y-amino butyric acid, 
valine, phenylalanine, and leucine. 

Every amino acid spot found in the hydrolysate of the proteins iso- 
lated from the peel and chromatophores was present in the free amino 
acid extracts of orange juice, with the exception of glycine and possibly 
ornithine. Some amino acids, asparagine, glutamine and others, both 
known and unknown, were not found by either method of hydrolysis of 
the protein because of the destruction during hydrolysis. No significant 
differences were observed between the 2 proteins by chromatographie 
analysis. 

The 2 proteins, whose isolation is described in this paper, were floceu- 
lated at pH 4.7, Smith (79%), the point of maximum insolubility of the 
chromatophore protein as determined by previous workers, Sinclair et ad. 
(18). It was found that precipitation actually occurred over a wide range 
of pH, the solution becoming cloudy at approximately pI 6.8 when adding 
acetic acid to the sodium hydroxide solution of the protein. The wide range 
on either side of the maximum insolubility of pH 4.7 suggests that a num- 
ber of proteins may have been carried through the methods of purification. 

The protein from the peel contains 4.35% nitrogen whereas the protein 
from the chromatophores has 15.167 nitrogen. In purification of the peel 
protein, the filtrate remaining after the protein was brought to the pH 
4.7 and filtered out, was of bright yellow color. This color did not decrease 
or inerease in intensity upon repeated precipitation and was not removable 
by washing the protein with water. On the other hand, the protein isolated 
from the chromatophores was almost white in color and the filtrate was 
colorless. The protein of the peel contained a substance which may or 
may not be in combination with the protein and which is fairly insoluble 
in the range of pH 4.7. The Molish reaction indicates this to be earbohy- 
drate in nature. Sinelair et al. (18), in their investigations of proteins of 
orange pulp, suggested that a similar carbohydrate material was pectin. 
The precipitation of pectin with the protein may be responsible for the 
occlusion of other impurities such as the ones responsible for the color and 
also for the fluorescence found in the barium hydroxide hydrolysis. The 
protein from the chromatophores is considered to be reasonably pure, if 
not altogether so. Its low Molish reaction may be due to chemically com- 
bined carbohydrate material. Separation of these proteins may be achieved 
by paper partition chromatography (5, 13, 16), but this so far has not 
been applied. The use of the Waring blendor with its speed of approxi- 
mately 10,000 r.p.m. caused some denaturation of proteins, principally 
enzymie protein, Stern and Bird (21). Concentrated alcohol and ether 
also are known to denature proteins, but it is thought that their effect 
would have little influence on the amino acid constituents. 

Glycine present in protein hydrolysates may be the result of hydro- 
Ivtic decomposition. Serine was found to be stable in acid hydrolysis but 
destroyed in barium hydroxide hydrolysis, Llovd and Shore (11). We 
found the production of glycine in amounts over that present in the sul- 
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furic acid hydrolysis, indicating that glycine is a breakdown product of 
serine. If serine can decompose, it is reasonable to believe that threonine 
also is destroyed under the same conditions of hydrolysis. Arginine was 
found to be stable to sulfuric acid hydrolysis but was decomposed by 
barium hydroxide hydrolysis. This was confirmed by use of the Sakaguchi 
reaction. On the chromatogram the arginine spot disappeared and a new 
spot appeared when the proteins were hydrolyzed with barium hydroxide. 

The concentrations of aspartic acid and glutamic acid were different 
by the 2 methods of hydrolysis, their concentration being low in the sul- 
furie acid hydrolysis and higher in the barium hydroxide hydrolysis. The 
decomposition of asparagine and glutamine will contribute to the concen- 
tration of aspartic and glutamic acids, respectively. 

The basic amino acids were difficult to identify because of their chang- 
ing mobility in the phenol solvent. Their Ry values are extremely sensitive 
to external conditions and to the constituents in the aliquot applied to the 
paper. Arginine was found to vary from a position coinciding with aspar- 
agine to that on the other side of glutamine, which is usually just above 
alanine. Fortunately, this varying Ry occurs only with the phenol solvent 
development and does not hold for the majority of the amino acids. Tyro- 
sine was found to be present in both proteins as shown both by the chro- 
matogram and by the Xanthoproteic and Millons reactions. 

Although tryptophane could not be definitely located on the chroma- 
tograms, it was found by the chemical colorimetric tests to be present in 
the unhydrolyzed chromatophore protein, but not in the alkaline or acid 
hydrolysis of the protein. The addition of pure tryptophane to the protein 
hydrolysates did not give the location of this amino acid on the chromato 
gram. This would indicate that at the levels added or present normally 
in the protein hydrolysis, the tryptophane either was destroyed by the 
developing solvents or that it was over-riding another spot. The latter 
case seems unlikely because the use of a third solvent failed to show a 
tryptophane spot. Trvptophane could not be found in the proteins isolated 
from the peel, either chromatographically or by the Hopkins-Cole test. 

The sulfur amino acids did not seem to be present in the proteins. They 
did not appear on the chromatogram, unless as methionine under valine, 
nor were cystine or cysteine indicated by their respective test. This does 
not eliminate their presence in low concentrations however and further 
investigations must be made in order to prove their absence positively. 

Although histidine has been found in the chromatophore protein by 
previous workers, Sinclair et al. (18), its presence in the unhyvdrolyzed 
proteins has yet to be determined 


SUMMARY 
Paper partition chromatographic analysis of the alcoholic citrus ex- 
tracts of late Valencia oranges, early green Washington Navel oranges, 
late grapefruit, and tree matured Eureka lemons showed the presence of 
the following free amino acids: asparagine, aspartic acid, glutamic acid, 
serine, threonine, alanine, proline, y-amino butyrie acid, valine, phenyl- 
alanine. The free amino acids which were found in some extracts and 








AMINO ACIDS IN CITRUS FRUITS 53] 


not in others were lysine, arginine, glutamine, a-amino butyrie acid, tyro- 
sine, and one or more unknown members of the leucine group. 

The proteins isolated from the peel and the chromatophores of the 
Valencia orange were believed to be identical with respect to the amino 
acids found. 

No qualitative changes in the free amino acids occurred during the 
browning of the Valencia or Washington Navel orange juice. 
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The quality of papayas on the retail market in Hawaii varies greatly. 
Suecessful commercial production of papayas in Hawaii requires the study 
of all factors which may affect the eating quality. This paper is confined 
to a preliminary report of the effect of season, and position on the tree 
upon the sugars and ascorbic acid in papayas and their relation to fruit 
quality. Organoleptie tests for color, texture, flavor, and sweetness of the 
fruit and assays for ascorbic acid content were made to determine if there 
might be any correlation with seasonal changes in the sugar content. This 
study should be of value in planning future work on papaya projects. 


EXPERIMENTAL PROCEDURE 

Description of fruit. The fruit were obtained from a papaya grove of Solo papaya,® 
variety Line No. 5, at the University Experiment Station farm in Manoa Valley con 
taining 90 trees, of which 38 healthy, hermaphrodite trees were used for this project. 
The trees were planted in January, 1949, and the first fruit harvested in December, 
1949. The data in this paper were obtained from 311 fruit harvested from February, 
1950, through December, 1950, or a total of 11 months. In January, 1951, at termi 
nation of the project, sufficient fruit were not available for analysis because of poor 
fruit set six months previously. It is unfortunate that there was not a complete 12 
month collection for the project. 

Selection of fruit. Papayas were harvested twice weekly, Monday and Friday, when 
the apex of the individual fruit showed yellow. The directions of the fruit on the 
trees were noted with a compass and marked on each fruit as picked. Papayas picked 
when approximately one-sixth yellow and stored at room temperature 25°C.(77°F.) in 
semi-darkness, ripened to the optimum stage in 72 hours and were ready for analysis. 

As a trial run, fruits from 25 trees, harvested from the_same direction on the same 
day were desired. Because of irregular ripening it was necessary to select fruit from 2 
directions on the same day, and to cover one direction of 25 samples over 2 analytical 
periods. Statistical analyses of the data for ascorbic acid and total sugars from 25 
fruit in each of 4 directions, showed that a sample of 4 fruit from one direction at one 
harvesting was sufficient to collect data for final caleulations. But a 7-fruit sample 
was used whenever possible to assure more than adequate sampling. 

The plan was to test lots of 7 fruits for one of the 4 directions of north, south, east, 
and west each week and to cover a different direction in rotation. But due to the 
unpredictable physiological behavior of papayas, fewer samples were available some 
weeks when the fruit failed to set and mature. After 5 months, a second 25-fruit 
check-up in one direction was repeated and it was found that data collected from the 
regular, weekly 7 fruits constituted an adequate sample. 


“Published with approval of the Director as Tech. Paper No. 254, Hawaii Agricul- 
tural Experiment Station. 

"Agricultural Extension Service, Pennsylvania State College, State College, Pa. 

*“The Solo papaya is typified by the small, pyriform fruits borne on hermaphrodite 
trees. These fruits are approximately 6 inches long and 4 inches wide, and weigh about 
1 pound. The Solo reaches maturity in 12 to 14 months, and first fruits are borne 4 to 5 
feet from the ground. This fruit probably originated in British West Indies and was 
imported as seed into Hawaii. Because of its small size and excellent flavor, the variety 
quickly attracted attention as a fruit desirable both for home use and for the market (6). 


532 








SUGAR, ASCORBIC ACID, AND PAPAYA QUALITY 533 


Each individual fruit was apportioned as follows for the organoleptic tests and 
chemical analyses: a one-third Jongitudinal section was reserved for tasting; a second 
longitudinal section was used for the ascorbie acid assay; and the remainder of each 
fruit was used for total sugar, moisture, and pH determinations. Only the edible 
portion of each fruit was used, and chemical determinations were made on samples 
blended in a Waring blendor. 

Palatability scores. A panel of 4 to 5 experienced food judges scored the fresh 
papaya for color, texture, flavor, degree of sweetness, and general opinion. A possible 
high seore of 5 and a low seore of 1 covered the range for each factor. 

The one-third longitudinal section of each fresh fruit reserved for tasting was 
eut into 5 approximately equal cross slices. The judges scored slices from the same 
position in each section of fruit throughout each test period. For example, judge 
number 5 always scored sample from position number 5 of each slice. All samples were 
tasted from the regular 7-fruit analysis periods, but only 10 samples chosen at random 
were scored by the panel on the check groups of 25 fruit. 

Chemical methods. Ascorbic acid: Aseorbie acid was determined on a 20-gram edible 
portion cut from the section reserved for this analysis, using the Bessey and King 
method (7), modified by Musulin and King (4). Duplicate titrations were made on 
each sample. Results are reported as milligrams of ascorbie acid per 100 g. of fresh 
sample. 

Total sugars: Total sugar determinations by the Munson-Walker method (. 
made on 50 g. of the sample blended for sugar, moisture, and pH analyses. Duplicate 
determinations were made on each sample. Results were calculated as percent total 


o 


>) were 


sugars on the fresh fruit. 

Moisture: Duplicate determinations were made on two 5- to 10-g. portions of the 
blended sample which were dried in an air oven at 67°C. for 48 hours and finished in 
a vacuum desiceator for 8 hours. Results were calculated as percent moisture. 

pif: The remainder of the blended sample left from the sugar and moisture deter 
minations was used. Triplicate readings were made on each sample using a Beekman 
pH meter and glass electrode. 

Statistical methods. Correlation coefficients and analysis of variance were ecaleulated 
according to the methods recommended by Snedecor (5). 


RESULTS AND DISCUSSIONS 


Color and palatability scores. In averaging individual seores of each taster for the 
section of the papaya reserved for the panel, very slight differences in seoring occurred 
from the stem to the blossom end. There were no noticeable progressive variations in 
scoring from the stem to the blossom end of the fruit slices, but it was noted that 
2 members of the panel scored samples in all factors consistently lower than the other 
3 panel members. Information from the present data does not justify stating that either 
the stem end or the blossom end of the papaya is preferable to the other. 

Panel scores for color, texture, flavor, sweetness, and general opinion were analyzed 
to separate variations due to months, direction of fruit on the tree and to individuals. 
The analyses of variance showed significant differences due to months of the year for 
color, flavor, sweetness, and general opinion scores, but no significant differences due to 
direction of the fruit on the trees. Texture scores showed no significant differences for 
either months of the year or direction of the fruit on the trees. The faetor for 
direction of the fruit on the tree was pooled- with individuals in the final analyses below. 


Panel Ra ere vee Degrees of Mean 7 
scores freedom squares value 
Color Months of year 10 0.561 230° 
Color Directions within months and individuals 227 0.244 
Texture Months of year 10 0.347 1.76 
Texture Directions within months and individuals 227 0.197 
Flavor Months of year 10 =|) 60.970 2 924 
Flavor Directions within months and individuals 227 0.480 
Sweetness Months of year 10 0.536 1.93 
Sweetness Directions within months and individuals 227 0.278 
General opinion Months of year 10 1.249 232° 
General opinion Directions within months and individuals 227 0.538 


¢Significant; p, less than 0.05. 
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The analyses of variance confirm the monthly trends in color, flavor, sweetness, and 
general opinion scores shown in Figure 1. It would appear that texture of the fruit 
is more uniform than the other factors studied and less subject to climatic influences. 

The general opinion scores are separate scores just as color, flavor, texture, and 
sweetness scores. They are not average seores derived from the other 4, but rather an 
indication of overall rating of samples by each taster. All general opinion seores are 
noticeably lower in value than those for the other 4 factors studied, but consistently 


follow the trends of both flavor and sweetness scores (Figure 1). 























T T ' t Li T T ' , 
rs 7] 
{ vn ail . a 7 
— " ae = A 
- ™~ 
4.5 . ‘i 4 
‘N 
\ Pi ww = xy 
g \Y * 7 
1e) 4 3 
bs ovevesnens ? 4 
val <a y 
SS ceemee ee alts ~ 7 
4.0 f — ; 
Uv PF ~ / i, 
. ,. my Py 
~ 
o a 4 i 4 4 
2 » Pe a ——— COLOR J 
Oo Fa PF 
be —— TEXTURE 
° "4 seree FLAVOR 7 
2 
3.5 —-—- SWEETNESS - 4 
—-—— GENERAL OPINION 
4 = 
J 1 1 4 4 1 1 n 4 1 
ft M A Ss oO N oO 


J Ju AUG 
MONTHS OF YEAR 
Figure 1. Mean organoleptic scores for fresh papayas. 


When Line No. 5 Solo papaya was compared with 6 other varieties, the former 
scored considerably higher in the 3 factors of flavor, degree of sweetness, and general 
opinion, and slightly higher in color and texture of the fruit. 

laste scores for 21 samples of pistillate-type (female) papaya followed the same 
general pattern found in hermaphrodite fruit, but the scores for each taste factor were 
slightly lower in value. This type of fruit is not sold commercially because of its 
large seed cavity, small proportion of flesh, and rather firm texture when ripe. 


Chemical changes. Mean monthly values for ascorbie acid, total sugars, moisture, 
and pil obtained over a period of 11 months from February through December, 1950, 
are presented in Figure 2.) Each value was derived by averaging data colleeted in the 
4 directions of north, south, east, and west, and covers from 14 to 50 samples analyzed 
per month, except in December when only 7 fruit were available. 

The ascorbic acid values for 11 months present a range of variability from 87.3 
to 105.4 mg. per 100 g. of fresh fruit. The highest values occurred in the months of 
March, July, September, and October; the lowest values during May and August. 
The abrupt drop in vitumin values for August warrants mention sinee it occurs between 
2 months found to have high values (July and September). The direet causes for this 
sharp decline are not apparent trom this study, but might be attributed to weather 
conditions when the fruit was setting on the tree, the amount of sunlight and rainfall 
during the ripening period, the temperature, and/or other factors. 

Since the aseorbie acid of papayas is one of its important constituents, these 
results were analyzed to separate variations due to months, direction of fruit on the 
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Figure 2. Mean values for chemical composition of fresh papayas. 
2A—Ascorbic acid, mg. per 100 g. 
2B—Percent total sugar 


2C—Percent moisture 
2D—pH 


tree, and to individual fruits. A preliminary analysis of variance showed no significant 
variation due to direction of -the fruit on the tree, so this factor was pooled with indi 
vidual variations in the final tabulation. The complete analysis follows 


: Degrees of Mean 

Source of variation freedom squares 
BEOMERS OF CRO FOB ..cccicsccccssccssceccoessce ibewcainhabanch 10 775.48° 
Directions within months and individuals.......... sean 282 111.24 


*Highly significant 


The differences in ascorbic acid due to months of the year were highly significant 
(F 6.97; p, less than 0.01). 

The highly significant coefficient of correlation (0.467) obtained between 234 
paired samples of ascorbie acid and total sugar values appears to lend further support 
to the tenet that these 2 factors might be direetly related as suggested by Miller 
et al. (2). 

From Figure 2c, the percent moisture within the fruit appears to vary inversely 
with the ascorbie acid values of the fresh fruit, and a highly significant correlation 
coefficient of minus 0.391 (234 paired samples) bears this out. This inverse ratio is 
most noticeable during the months of September and October when the percent moisture 
in the fruit declined. 

In a previous study by Miller and co-workers (2), ascorbie acid determinations on 


papayas from two University groves in widely separated locations showed high ascorbie 
acid values in April, May, June, and October. High values for this study occurred 
in May, July, September, and October. 

Total sugars in Figure 2b, show a steady downward trend from February through 
May (11.0 to 9.7) and then a definite trend upward from June through November 
(10.4 to 12.3). Mean monthly values for total sugar and aseorbie acid generally 
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parallel each other with the exception of the month of August. A correlation coefficient 
of 0.808; p, less than 0.01 (234 paired samples) further substantiates this statement. 

Analysis of variance of total sugar values as to months, directions, and individuals 
gave the following results: 


Source of variation = or lg | “ae 
NNT INT TRIE «<. .casidcseossexatcvsenenatavsdsoiveniseiweosvensbounsinbsodsesons 10 19.11° 
MONOID PUTER CRONIN ssc cicccsevievexsoscciconendtiercesoosvesevesooeers 24 0.98° 
Gi cadrconctesvaiimasovencieeubdiseatcetsHeedaveieseunetibondionses di 235 0.53 


f Highly significant. 


As in the ascorbie acid analysis of variance, differences due to months of the year 
were highly significant (F 19.56; p, less than 0.01). Principal factors contributing to 
these significant values are probably due to soil and genetic variations and to climatic 
conditions. These physiological faetors would require specific equipment for direct 


measurement. 
It is obvious from the table that variations by directions within months were such 


that they cannot be attributed entirely to chance (F 1.86; p, less than 0.01). But 
the variation of directional mean values within months did not follow a uniform pat- 
tern, so there were probably interactions involved that might explain these differences. 
The physical collection of the data was not set up for interaction interpretation. 

Correlation coefficients between total sugars and taste panel seores for flavor and 
degree of sweetness were found to be highly significant: 


| Number | Coefficient 
Correlation between of paired of 
samples correlation, r 
I FN ac ceric scp rociiesaionynopiintbeseseaminiisineties 234 0.479* 
234 0.489* 


EE OE, WB rigs vesccnsesscntcccsssenssccasecsseorsceconts 
® Highly significant. 

Although these are ‘‘loose’’ correlations, they are highly significant (p, less than 0.01) 

and reflect the greater variability of the subjective scores over those of chemical analysis 

for total sugars. Individuals vary greatly in personal response and are also subject to 


error in judgment. 

The pH values in Figure 2d show a slight tendency to vary inversely with the 
ascorbic acid values (r, minus 0.132; p, less than 0.05) and with the total sugar values 
(r, minus 0.250; p, less than 0.01). These correlation values are significant because of 
the large number of paired samples, but actually represent only very slight variation 
from their low ‘‘r’’ values. The highest mean value in May (5.11) corresponds to one 
of the lowest recorded mean values of the ascorbic acid (88.9), and the lowest mean 
value of total sugars (9.7). The pH values range from a low of 4.59 to-a high of 5.11. 

All the correlation coefficients calculated are relatively low, with the exception of the 
total sugar vs. aseorbie acid values, but because of the large number of paired samples, 
234, they reflect certain trends over the 11 months covered by this experiment. 


SUMMARY AND CONCLUSIONS 


Over an 11-month period from February to December, 1950, 311 sam- 
ples of Solo papaya, Line No. 5, were analyzed chemically for ascorbic 
acid, total sugars, moisture, and pH values. They were scored subjectively 
for color, texture, flavor, degree of sweetness, and general opinion by an 
experienced taste panel. The effects of season and position of fruit on the 
tree have been related to the results of both the objective and subjective 
factors in this study. 

Ascorbic acid, total sugars, and the organoleptic scores of color, flavor, 
sweetness, and general opinion show significant monthly changes. Texture 
scores showed no significant differences by month. The best quality fruit 
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appear to be available from May through November when sugar and 
ascorbic acid content of papayas are highest. The problem merits further 
study, however. 

Direction of the fruit on the trees within months was highly significant 
for total sugars, but not significant for ascorbie acid values or color, tex- 
ture, flavor, sweetness, and general opinion scores. This presents another 
problem for future research. 

Highly significant correlation coefficients were noted between total 
sugar and flavor scores, total sugar and sweetness scores, total sugar and 
ascorbie acid values, moisture and ascorbic acid values, and pli and total 
sugar values. Significant correlation coefficients were obtained between pli 
and ascorbic acid values. 

Acknowledgment 

The authors acknowledge the aid of the taste pane! members throughout the experi 
ment. They are indebted to the Department of Plant Pathology, Hawaii Agricultural 
Experiment Station, for supplying the papayas, and to Dr. Albert L. Tester for 
statistical advice. 

LITERATURE CITED 
1. Bessey, O. A., AND Kine, C. G. The distribution of vitamin C in plant and animal 
tissues, and its determination. J. Biol. Chem., 103, GS7 (1933). 
2. Miturr, C. D., Louis, L., aNp YANAZAWA, K. Vitamin values of feods in Hawaii. 
Hawaii Agr. Exp. Sta., Tech. Bull., 6, 82 (1947 
Association of Official Agricultural Chemists. Official and Tentative Methods of An 
alysis. 6th ed., 1945, 571, See. 34.38. Washington, D. C. 


4. Musuuin, R. R., ano Kina, C. G. Metaphosphoric acid in the extraction and titra 


tion of vitamin C. J. Biol. Chem., 116, 409 (1936). 
5. SNepEcoR, G. W. Statistical Methods. 4th ed., 1943, The lowa State College Press, 
Ames, lowa. 
Storey, W. B. Botany and sex relationships of the papaya. Hawaii Agr. Exp. Sta., 
Bull. 87, 21 (1941). 


























Detection of 
COLIFORM BACTERIA 


BACTO-VIOLET RED BILE AGAR 


is recommended in ‘‘Standard Methods for the Examination 
of Dairy Products’’ for the direet plate count of the coliform 
bacteria. This medium is especially prepared for direct 
enumeration of coliform bacteria in water, milk and other 
dairy or food products. Upon plates of medium prepared 
from this product subsurface colonies of the coliform types 
are generally surrounded by a reddish zone of precipitated 
bile. Due to the inhibitory action of the medium toward 
other types accurate counts are obtained after incubation for 


only 18 hours. 


BACTO-BRILLIANT GREEN BILE 2% 


is recommended for the detection of coliform bacteria. This 
medium conforms in every way to the brilliant green 
lactose peptone bile described in ‘‘Standard Methods for the 
Examination of Dairy Products’’ and in ‘‘Standard Methods 
of Water Analysis’’ of the American Public Health Association. 
Results obtained by the direct inoculation of water, milk and 
dairy products or other food materials into fermentation tubes 
of this medium are reliable and accurate. 


BACTO-FORMATE RICINOLEATE BROTH 
is also employed for the detection of coliform bacteria. The 
medium is used in fermentation tubes which are inoculated 
directly with the sample or dilution. Bacto-Formate Ricinoleate 
Broth conforms to the ‘‘Standard Methods’’ formula. 
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In the Research and Development of Bacto-Peptone and 
Dehydrated Culture Media 
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